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Abstract  
	

Basal-like breast cancer (BLBC) is a highly aggressive breast cancer sub-type and represents 

~15% of all breast cancers. BLBC are often associated with early age of onset, early relapse 

and poor overall survival in contrast to other types of breast cancers. Moreover, patients 

diagnosed with BLBC do not benefit from currently available targeting treatments on the 

marked, such as anti-oestrogen, anti-progesterone and antibody against the HER2-receptor, 

and therefore, BLBC are also referred to as triple negative breast cancer (TNBC). In the last 

years, many researches have focused on studying the molecular characteristic of 

BLBC/TNBC to develop molecular targets against BLBC/TNBC and several molecular 

targets are currently being investigated and some are already proposed. BLBC/TNBC has 

shown overexpression and/or amplification of various receptors and proteins involved in cell 

survival, proliferation and apoptosis. Thus, targeting these pathways have shown increasing 

interests for researchers who want to develop such inhibitors for the treatment of 

BLBC/TNBC.  

It has previously been shown that BLBC/TNBC overexpress the gene PLA2G4A that encode 

the cPLA2α-enzyme, which is responsible for regulating the production of eicosanoids by 

liberating arachidonic acid (AA). The eicosanoids are biologically active lipid mediators, 

which are involved in regulating many responses in the cells, such as inflammation, 

proliferation, apoptosis, metastasis and angiogenesis. To our knowledge, the exact role of 

cPLA2α in cell proliferation in BLBC/TNBC is not fully identified. In this master thesis, we 

investigate the cellular effects of cPLA2α inhibition by using the MDA-MB-468 cell line as a 

model for BLBC/TNBC. More specifically, cell proliferation and/or viability, apoptosis and 

cell cycle distribution of these cells was investigated. Another goal of this master project was 

to evaluate the possible synergistic/additive effects of combining cPLA2α-inhibitors with 

selective mTOR/PI3K inhibitors, which represent a promising treatment strategy for 

BLBC/TNBC. 

By using the resazurin viability assay, the effects of different compounds/inhibitors/-

comparative drugs on the viability of the MDA-MB-468 cells were investigated. A dose-

response experiment was conducted for each compound/inhibitor/comparative drug in order 

to select a sub-optimal concentration to further experiments. Caspase activity of cells treated 

with selective cPLA2α inhibitors alone and in combination with pan-PI3K inhibitor 
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buparlisib/BKM120 were measured by caspase GLO®. Flow cytometry was utilized to 

measure cell cycle phase distribution of the MDA-MB-468 cells treated with AVX002 

separately, buparlisib/BKM120 separately and when combined with AVX002. Doxorubicin 

was used as apoptosis control.  

Rezasurin viability assay, revealed positive results and reduced the viability of the MDA-

MB468 cells in a dose-dependent manner for all the tested compounds. Combination 

treatment of selective cPLA2α-inhibitors with buparlisib/BKM120 revealed additive effects in 

the MDA-MB-468 cells. Caspase assay showed increased caspase activity of cells treated 

with different cPLA2α-inhibitors and combing these inhibitors with buparlisib/BKM120 

increased these effects considerably. Flow cytometry analyses showed cell cycle arrest at G1 

phase in cells treated with AVX002. Cells treated with buparlisb/BKM120 showed increased 

number of cells at the G2+M phase of the cell cycle. 

The use of selective cPLA2α inhibitors could offer a novel targeted therapy for BLBC/TNBC 

which otherwise have low survival prognosis. Also, combining selective cPLA2α inhibitors 

with selective PI3K inhibitors could potentially balance the side effect profile of each 

inhibitor and reduce resistance problems. Further studies need to be conducted in order to 

confirm or reject these observations. 
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Sammendrag 

 
Basal-like brystkreft (BLBC) er en aggressiv type brystkreft og utgjør ~15% av alle brystkreft 

former. BLBC er ofte assosiert med tidlig debut, tidlig tilbakefall og lavt total overlevelse i 

motsetning til andre kreftformer. I tillegg kan pasienter som er diagnostisert med BLBC ikke 

ta nytte av dagens målrettede behandling som inkluderer bruk av anti-østrogen, anti-

progesteron og antistoff mot HER2- reseptor. Dermed er BLBC også referert til som trippel 

negative bryst kreft (TNBC). I de siste årene har forskning fokusert på å studere molekylære 

karakteristiske kjennetegn av BLBC for å utvikle molekylær målrettet behandling mot 

BLBC/TNBC og flere ulike behandlinger er blitt foreslått og en del er under utvikling. 

BLBC/TNBC har vist overuttrykk og/eller amplifikasjon av en rekke ulike reseptorer og 

proteiner som er involvert i celle overlevelse, proliferasjon og apoptose. Å utforme en 

behandling som retter seg mot disse prosessene i cellene har vist økt interesse for forskere 

som ønsker å utvikle slike hemmere for å kunne tilby bedre behandling for BLBC/TNBC.  

Det har tidligere blitt vist at BLBC/TNBC har overuttrykk av genet PLA2G4A som koder for 

cPLA2α-enzymet som er ansvarlig for å regulere produksjon av eikosanoider gjennom 

frigjøring av arakidonsyre (AA). Eikosanoider er biologisk aktive lipid mediatorer som er 

involvert i regulering av mange ulike responser i cellen som inkluderer inflammasjon, 

proliferasjon, apoptose, metastase og angiogenese. Til vår kjennskap, er den eksakte rollen av 

cPLA2α i celle proliferasjon ikke fullstendig klarlagt. I denne master oppgaven, undersøker vi 

cellulære effekter av cPLA2α ved å bruke MDA-MB-468 celler som en modell for 

BLBC/TNBC. Mer spesifikt, celle proliferajon og/eller viabilitet, apoptose og cellesyklusen 

av disse cellene ble undersøkt. Et annet mål med denne oppgaven var å evaluere mulige 

synergistiske/additive effekter av å kombinere cPLA2α hemmere med selektive mTOR/PI3K 

hemmere som representerer en lovende behandlingsstrategi for BLBC/TNBC.  

Ved bruk av resazurin viabilitets assay, ble effekten av ulike kjemiske forbindelser/hemmere/-

komparative legemidler undersøkt på MDA-MB-468 cellers viabilitet. Et dose-respons forsøk 

ble utført for hver kjemiske forbindelse/hemmer/-komparativ legemiddel for å velge en sub-

optimal dose til fremtidige eksperimenter. Caspase aktivitet av celler behandlet med selektive 

cPLA2α hemmere aleine og i kombinasjon med pan-PI3K hemmer buparlisib/BKM120 ble 

målt ved bruk av caspase GLO®. Flow cytometri ble benyttet til å analysere cellesyklusen av 
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MDA-MB-468 celler behandlet med AVX002 aleine, buparlisib/BKM120 aleine og 

kombinasjonen av disse. Doxorubicin ble valgt som apoptose control.  

Resazurin viabilitets assay viste positive resultater og redusert viabilitet av MDA-MB-468 

celler på en doseavhengig måte for alle uttestede forbindelser. Kombinasjonsbehandling av 

selektive cPLA2α hemmere med buparlisib/BKM120 viste additive effekter på MDA-MB-468 

celler. Caspase assay viste økt caspase aktivitet av celler behandlet med ulike cPLA2α-

hemmere og kombinasjon med buparlisib/BKM120 førte til en betydelig effekt økning.  

Flow cytometri analyse viste positive resultater hvor cellesyklus arrest ved G1 fasen ble 

observert i celler behandlet med AVX002. Celler behandlet med buparlisib/BKM120 viste 

økt antall celler i G2+M fasen av cellesyklusen. 

Konkludert, kan bruken av selektive cPLA2α hemmere tilby ny målrettet behandling for 

BLBC/TNBC som ellers har lav prognose. I tillegg, kan kombinering av selektive cPLA2α 

hemmere med selektive PI3K hemmere potensielt balansere bivirkningsprofilen av hver 

hemmer og eventuelt redusere resistens problematikk. Flere studier er nødvendige for å kunne 

bekrefte eller avvise disse observasjonene.  
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List of abbreviations 
 

AA      Arachidonic Acid 

𝛼ß-Crystallin      A heat shock protein that prevents apoptosis by inhibiting caspase 3, a pro-apoptotic      
    protein                  

ad-PLA2  Adipose phospholipase A2 

ATCC    American Type Culture Collection 

AVX002    cPLA2α inhibitor, (1-octadeca-3,6,9,12,15-pentaenylsulfanyl-propan- 2-one) 

AVX420  cPLA2α inhibitor 

AVX235            cPLA2α inhibitor (methyl 2-(2- (4-octylphenoxy)acetyl)thiazole-4-carboxylate)  

ATK                  AACOCF3- arachidonyl-trifluoromethyl ketone, cPLA2α inhibitor 

BCS    Breast conservative surgery  

BLBC    Basal-like breast cancer 

BRC    Biological resource centre 

BRCA1   Breast cancer 1, a tumour suppressor gene  

CamKII   Calmodulin kinase II 

Caspase 3           Cysteine-aspartic acid-specific protesases 

CDK    Cyclic dependent kinases 

Cf    Final concentration  

CKI    Cyclic dependent kinase-inhibitors  

COX    Cycloocygenase 

cPLA2α   Cytosolic phospholipase A2 –alpha 

CYP450  Cytochrome p-450 

DSB    Double-strand DNA break 

DEVD Tetra peptide sequence containing the amino acids in the following order: (Aspartic                                                   
acid- Glutamine- Valine - Aspartic acid) 

DHA  Docosahexaenoic acid 

DMEM             Dulbecco's modified eagle medium 

DMSO              Dimethyl sulfoxide  

DNA   Deoxyribonucleic acid 

EGF   Epidermal growth factor 

EGFR   Epidermal growth factor receptor 

ER   Estrogen receptor 
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ET   Endocrine therapy 

FBS   Fetale bovine serum 

FOXO1  Forkhead box O1 

IC50              Half maximum inhibitory concentration  

iPLA2              Calcium-independent phospholipase A2 

JAK               Janus family of tyrosine kinase 

JNK              c-Jun N-terminal kinase 

LOX               Lipooxygenase 

LPC   Lyso-phosphatidylcholine 

LPLA2  Lysosomal phospholipase A2 

LTs  Leukotrienes  

LXs  Lipoxins 

LYN              Lck/Yes novel tyrosine kinase (belong to SRC family of kinases, and are involved in      
  cancer signaling pathways, such as survival, metastasis, proliferation and apoptose 
  regulation)    

MAPKs  Mitogen activated protein kinases  

MKK1  MAPK-interacting kinase  

NSAIDS  Non-steroidal anti-inflammatory drugs  

PAF-AH  Platelet-activating factor acetyl-hydrolase 

PARP   Poly (ADP) ribose polymerase 

PBS   Phosphate buffered saline  

PC   Phosphatidylcholine  

PE   Phosphatidylethanoamine 

PDT   Population doubling time  

PGs  Prostaglandins 

PGE2   Prostaglandin E2 

PGIs  Prostacyclines 

PI  Phosphatidylinositol 

PI3K   Phosphatidylinositol-3- kinases 

PLA2   Phospholipase A2 enzyme 

PR   Progesterone receptor 

PTEN   Phosphatase and tensin homolog 

PUFA    Poly unsaturated acid  

RA   Rheumatoid arthritis  

RPMI-1640  Roswell Park memorial institute -1640 medium 
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sPLA2   Secretory phospholipase A2 

SD   Standard deviation 

SF-RPMI          Serum free PRMI-1640 (growth medium contains only L-glutamin and Gentamycin) 

SIRT2  Sirtuin2 

SSB   Single-strand DNA-break  

STAT   Signal transducer and activator of transcription 

TF  Transcription factor 

TGFα   Transforming growth factor alpha  

TNBC  Triple negative breast cancer 

TNF   Tumour necrosis factor 

TNM   Tumour-node-metastases  

TP53  Tumour protein 53 

TXs  Thromboxanes 

UDPGA Uridine diphosphoglucuronic acid 

UGT1A6   UDP-glucuronosyltransferase 1A6 

VEGFR  Vascular endothelial growth factor receptor 
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1 INTRODUCTION	

1.1 Breast cancer epidemiology; a global health problem 
	

Breast cancer is one of the most common cancers that affect mainly women in both more and 

less developed countries. Accounting for 23% of the total cancer cases and 14% of the total 

cancer deaths in 2008, breast cancer is the leading cause of cancer deaths in females 

worldwide (1). In 2012, approximately 1.67 million new breast cancer cases were registered 

globally (2). 

The current data in incidence rates indicates a higher number of breast cancer cases in 

developed countries compared to less developed countries, possibly due to better diagnostic 

tools such as mammography and screening programs that detect cancer more effectively (3, 

4). Furthermore, the changing patterns in childbearing and breastfeeding, exogenous 

hormonal intake, lifestyle factors such as reduced physical activity, increased alcohol 

consumption and obesity may also contribute to the high incidence rates in developed 

countries (5). Despite a high number of new cancer cases, breast cancer survival has also 

improved remarkably the last decades, probably due to the improved therapeutic advances 

arising from better knowledge of the molecular characteristics of this disease and early 

detection of breast cancer (6). 

 1.1.1 Breast cancer treatment 
	

In recent years, better knowledge of tumour phenotypes, based on biomarker expression and 

classification of breast cancer into molecular subtypes has been used for individualized 

targeted treatment. The concept of targeted therapy is based on targeting specific molecules, 

such as proteins and/or enzymes that are involved in cancer cell invasion, metastasis, 

apoptosis, cell-cycle control, and tumour related angiogenesis (7). A more detailed description 

of targeted therapy and different therapeutics within this field is found in section 1.1.3. 

Today’s breast cancer treatment takes into account the patient’s complete medical history, 

family history relating to breast/ovarian and other cancers, menopausal status, hormone status, 

age and the stage of the tumour (8). Prior to treatment, the stage of the cancer must be 

evaluated. Hence, an international classification system has been developed to categorize the 

stage of cancer before initiation of any treatment. The tumour-nodule-metastases (TNM) 

staging system is one of the most widely used cancer-staging systems. It is based on 
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characterizing the size and/or the extent of the primary tumour (T), the amount of spread to 

lymph nodes (N), and the presence of metastasis (M) or by secondary tumours produced by 

the spread of cancer cells to other parts of the body. A number is added to each letter that 

indicates the size and/or the extent of primary tumour and the degree of cancer spread (9). 

Classification of breast cancer in stages is a method used to differentiate between localized 

disease and metastatic disease. In localized disease the cancer is restricted to the breast and 

the main treatment options are surgical removal of the breast (mastectomy) or breast 

conservative-surgery (BCS), depending on the tumour size and grade of invasiveness (8). 

In addition to surgery, most patients receive endocrine therapy (ET) such as chemotherapy 

and/or hormone therapy if the cancer cells are hormone receptor positive. The most common 

chemotherapies used in breast cancer treatment alone or in combination with other drugs, are 

taxanes such as paclitaxel and docetaxel, and anthracyclines such as doxorubicin and 

epirubucin (10). A common feature of these compounds is their mechanism of action. Most 

chemotherapies act directly or indirectly on the DNA or on the cell proliferation machinery 

and affects both healthy and malignant cells, producing many side effects due to their low 

specificity (11). Targeted treatments on the other hand, are highly specific and block the 

action of specific receptors and/or enzymes, which are involved in the cancer cells mitosis 

mechanism (12). Such treatments have less harmful effects on healthy non-malignant cells 

and are considered as effective treatments against breast cancer (13). Targeted therapies used 

for treating hormone sensitive breast cancers include aromatase inhibitors (letrozol, 

anastrozol) and the anti-oestrogen tamoxifen (14). Patients that have overexpression of human 

epidermal growth factor receptor 2 (HER2) can be offered traztuzumab, which is a 

monoclonal antibody against HER2-receptor (15).  

Radiotherapy is also used for treating breast cancer in some cases and is specially indicated 

for patients that have removed their tumour by BCS. In certain cases, when the patient is not 

able to undergo surgery due to various reasons (big tumour size, medical reasons, etc.), 

radiotherapy can be the only option. When treating localized disease, the goal is always to 

cure the patient. However, in tumour metastasis, when the cancer has spread to distant organs, 

curative treatment is no longer possible. The main goal is then to reduce symptoms and relief 

pain. In such cases, the treatments are less aggressive and the tolerance for unwanted side 

effects is much lower. Some patients can be offered hormonal therapy and/or chemotherapy in 

lower doses (16). 
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1.1.2 Basal-like breast cancer 
	

Breast cancer is normally classified into different molecular subtypes based on histological 

type and grade, expression of oestrogen receptor (ER), progesterone receptor (PR) and 

overexpression and/or amplification of HER2. There are four main intrinsic molecular 

subtypes of breast cancers, namely; luminal-A, luminal-B, basal-like and HER2-positive 

enriched (17). The different subtypes of breast cancer are extensively reviewed (18, 19) and 

will not be further described. Based on what is considered relevant for this master project, the 

focus in this thesis will hereafter be on basal-like breast cancer (BLBC). 

Classification of breast cancer into different molecular subtypes has been an important tool 

for determining prognosis and the potential response to ET and other targeted therapies (18). 

Basal-like tumour represent ~15% of all breast cancer subtypes and are often associated with 

a high proliferation rate, early age of onset, early relapse, and poor overall survival in contrast 

to other breast cancer subtypes (20). Such tumours are usually characterised by the expression 

of epidermal growth factor–receptor (EGFR), high molecular weight cytokeratins (CK5/6, 

CK14 and CK17), c-KIT receptor (also referred to as stem cell factor receptor or CD117, a 

receptor tyrosine kinase involved in cell survival and proliferation), by frequent mutation of 

the gene tumour protein 53 (TP53) encoding the p53 protein and by breast cancer 1 (BRCA1) 

mutations (21, 22).  

EGFR is a receptor that stimulates proliferation by activating the Ras-/ MAPK/MAPK kinase 

(MEK) pathway (23). EGFR can also activate the phosphatidylinositol-3-kinases 

(PI3K)/Akt/mTOR pathway, resulting in cell survival and resistance to apoptosis. Both p53 

and BRCA1 function as tumor-suppressing proteins, which activates DNA repair, initiate cell 

cycle arrest and/or apoptosis in the presence of DNA damage. Therefore, loss of function in 

these proteins can lead to genomic instability and promote tumor growth (23).  

BLBC also express the heat shock protein αβ-crystallin, which prevent apoptosis by 

preventing the proteolytic activation of a pro-apoptotic protease called caspase 3. Low levels 

of the tumor suppressor gene phosphatase and tensin homolog (PTEN) are also observed in 

BLBC, resulting in abnormal activation of the PI3K/Akt/mTOR pathway (23).  

BLBC usually lack the expression of molecular targets such as ER, PR and HER2 that is used 

to define the responsiveness to highly effective targeted therapies such as tamoxifen, 

aromatase inhibitors and traztuzumab (22). Therefore, this breast cancer subtype is often 
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referred to as triple negative breast cancer (TNBC). To date, there are no specific targeted 

therapies against BLBC/TNBC, and the only optional ET for these patients is traditional use 

of chemotherapy with high risk of therapeutic failure and early relapse (22). There is however 

on-going research to develop targeted therapies against BLBC/TNBC, and several molecular 

therapeutic targets for this highly deadly breast cancer subtype are already suggested (22-24).   

 

1.1.3 Targeted therapy of BLBC 
	

As mentioned above, BLBC has overexpression and/or amplification of several receptors and 

proteins involved in cell survival, proliferation and apoptosis. Imbalance of the cell mitosis 

machinery plays a central role in the pathogenesis of many cancers, including BLBC. Hence, 

in the last years, researchers have developed several molecular agents that specifically target 

BLBC/TNBC through different cellular pathways (23). 

An interesting targeted approach that has been proposed is use of poly (ADP) ribose 

polymerase (PARP)-inhibitors, an enzyme involved in DNA base-excision repair. Inhibiting 

this enzyme prevents the repair of single stranded DNA breaks, which results in multiple 

double-strand DNA breaks. BRCA1’s function is to repair double strand DNA breaks, but in 

the presence of BRCA1 mutations this repair mechanism is defective, leading the cell to 

apoptosis. Normal cells, on the other hand, is capable of repairing its DNA and survives the 

inhibition of PARP. The PARP-inhibitors are also suggested for use as combination therapy 

with chemotherapy. Other targeted approaches, which are under investigation aim to target 

angiogenesis (the process of formation of new blood vessel to the tumour) and proliferation 

signalling pathways. Targeting angiogenesis includes the use of antibodies against vascular 

endothelial growth factor receptor (VEGFR), such as bevacizumab and small-molecule 

multikinase inhibitors, like surafenib and sunitinib. To target cell proliferation signalling, 

antibodies against EGFR such as cetuximab and small-molecule protein-kinase inhibitors like 

erlotinib, gefitinib and lapatinib are available (22, 23).  

A simplified schematic overview of signal transduction pathways involved in the 

pathogenesis of BLBC/TNBC and possible molecular targets is shown in figure 1. Not all of 

the processes and potential targets of BLBC/TNBC are explained in this subchapter. Only the 

most relevant aspects for this master thesis are explained in the following.   
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Figure 1.  Schematic overview of key signal transduction pathways involved in the pathogenesis of BLBC and 
suggested targeted therapies. Commonly dysregulated pathways and their biological effects are specified. The 
suggested targeted therapies inhibiting pathways involved in cell survival, angiogenesis and proliferation are 
marked in red, DSB, double-strand break; SSB, single-strand DNA break; LYN, Lck/Yes novel tyrosine kinase; 
PTEN, Phosphatase and tensin homolog; JAK, Janus family of tyrosine kinases; PI3K, phosphatidylinositol-3-
kinase; STAT, signal transducer and activator of transcription. From Toft et al. 2011, with permission (23).  
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1.2 Phospholipase A2 (PLA2) enzymes 
	

Phospholipase A2 (PLA2) enzymes are part of a large superfamily of catalytic enzymes and 

are associated with several inflammatory conditions such as rheumatoid arthritis (RA), asthma 

and atherosclerosis, and also different types of cancers (see next section) (25-29).  

The PLA2 enzymes are sorted into 16 groups and several subgroups based on their 

biochemical properties and mechanisms (30). There are 6 different types of PLA2 enzymes; 

cytosolic PLA2 (cPLA2), calcium-independent PLA2 (iPLA2), secreted PLA2 (sPLA2), 

platelet-activating factor acetyl-hydrolase (PAF-AH), lysosomal PLA2 (LPLA2) and adipose 

PLA2 (ad-PLA2) (30). PLA2 enzymes catalyse the hydrolysis of an ester bond at the sn-2 

position of fatty acids from membrane phospholipids and provide polyunsaturated fatty acids 

(PUFAs) and lysophosphatidylcholine (LPC), which are important precursors of various 

bioactive lipid mediators (see figure 2) (30-32).   

 

Figure 2: An overview of lipid mediator pathway. PLA2 enzymes represent the first step in the lipid-signalling 
pathway. PLA2 enzymes hydrolyse membrane phospholipids at the sn-2 position and liberate arachidonic acid (AA) 
as well as other polyunsaturated fatty acids (PUFAs). AA is metabolized through cytochrome p-450 (CYP450) (not 
shown here), lipoxygenase (LOX) and cycloxygenase (COX) pathway that produces different lipid mediators called 
eicosanoids. This includes leukotrienes (LTs), lipoxins (LXs) and prostanoids such as prostaglandins (PGs), 
prostacyclines (PGIs) and thromboxanes (TXs). Ultimately, these lipid mediators will react on its G-protein coupled 
receptors (GPCRs) on target cell membranes and activate different signalling cascades in the cell. From Flachs et al. 
2009, with permission (33).   
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 1.2.1 Cytosolic phospholipase A2α and role of lipid mediators in cancer 
	

Different groups of cPLA2s exist, and the most studied of them is GIVA cPLA2 enzyme (or 

cPLA2α), due to its high specificity to liberate arachidonic acid (AA) and subsequent 

production of various eicosanoids involved in several pathological and physiological 

processes (30). This enzyme consists of 749 amino acids, have a molecular weight of kDa 

85.2, and is found in a broad range of tissues except lymphocytes (27, 34).  

The activity of cPLA2α is regulated by an increase in intracellular Ca2+ influx, and by 

phosphorylation. The cPLA2α requires Ca2+ for translocation from the cytosol to perinuclear 

membranes, such as the golgi, endoplasmatic reticulum (ER) and nuclear envelope. The 

release of AA from membrane phospholipids, is however, facilitated by phosphorylation of 

cPLA2α on specific serine residues, which is Ser505, Ser727 and Ser515 (30). The enzymes 

responsible for the phosphorylation of cPLA2α on Ser505, Ser727, and Ser515 are mitogen 

activated protein kinases (MAPKs) such as p38, p42/44, MAPK-interacting kinase (MKK1), 

and calmodulin kinase II (CamKII) (30, 35). Other kinases involved in the activation of 

cPLA2α and its subsequent release of AA are PI3K through other downstream protein kinases 

and c-Jun N-terminal kinase (JNK) (36, 37).  

AA is metabolised through the lipoxygenases (LOX), cyclooxygenases (COX), and 

cytochrome p50 pathway after its release. This reaction is further continued by a panel of 

terminal synthases that transforms the intermediary mediators into various eicosanoids with 

different physiological effects. Accordingly, these generated lipid mediators, will act on their 

specific G-protein coupled receptors (GPCRs) on target cell membranes and activate different 

signalling cascades in the cells (38). The metabolic pathway of AA conversion is reviewed in 

figure 2.  

Eicosanoids, including prostaglandins and leukotrienes are biologically active lipid mediators 

that have been implicated in various pathological conditions such as inflammation and cancer 

(39). Prostaglandins and leukotrienes can stimulate tumour progression through several 

different mechanisms. They can activate their specific receptors on tumour epithelial cells to 

regulate cell proliferation, apoptosis, migration and invasion. In addition, these lipid 

mediators can directly stimulate epithelial cells and their surrounding stromal cells (cells in 

the tumour microenvironment) to secrete growth factors, pro-inflammatory mediators and 
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angiogenic factors, which change their microenvironment from a normal state to a tumour 

supporting environment (39). This pathway is demonstrated in figure 3. 

 

	

Figure 3: An overview of the events by which prostaglandins and leukotrienes promote cancer progression. 
Transformed epithelial cells and cells in their microenvironment (stromal cells) play a key role in cancer 
progression. Tumour epithelial cells and their surrounding stromal cells secrete pro-inflammatory prostaglandins 
and leukotrienes, which are central mediators in promoting cancer progression and metastasis through different 
mechanisms. These pro-inflammatory mediators can directly induce epithelial cell proliferation, survival, 
metastasis and invasion in autocrine and paracrine manners. In additional, these pro-inflammatory lipids can also 
stimulate epithelial cells and their surrounding stromal cells to generate growth factors, pro-inflammatory 
mediators and angiogenic factors which turn the cells from a normal state to tumour supporting environment. 
This tumour microenvironment, in turn, recruits immune cells and endothelial cells (tumour-infiltrating cells), 
which further produce additional pro-inflammatory mediators, such as eicosanoids, growth factors and 
angiogenic factors. All these factors contribute in tumour progression and stimulate metastasis through an 
autocrine loop by inducing angiogenesis and invading attack from the immune system. From	 Dingzhi and 
Raymond, with permission (39).  
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In the last years, several studies have shown dysregulated cPLA2α activity and induction of 

downstream AA metabolizing enzymes in many types of cancers. This includes colon cancer 

(40), prostate cancer (41), lung cancer (42), brain cancer (42), breast cancer, especially BLBC 

(43), and other cancer types (44). cPLA2α contribute to the first step of eicosanoid 

production. As stated earlier, eicosanoids play a central role in tumour progression and 

therefore cPLA2α has been suggested as a pharmacological drug target against several cancer 

types, including breast cancer (44).  

Recently, it has been demonstrated that BLBC overexpress the gene PLA2G4A, encoding the 

cPLA2α enzyme (45, 46). In the study of Kim et al., the specific cPLA2α inhibitor, AVX235 

(Avexxin AS, Trondheim, Norway) was tested in patient derived xenograft model of BLBC 

(47). Findings from this study revealed significant tumour reduction upon exposure of 

AVX235 and show that cPLA2α inhibition with AVX235 in patient derived BLBC xenografts 

has anti-angiogenic effects. In this study, AVX235 was able to reduce vessel volume fraction, 

density and caliber. It was also observed that treated tumours had fewer mature blood vessels 

and decreased endothelial cell proliferation. Interestingly, these findings indicate that the 

effects may be due to reduced downstream metabolites of cPLA2α, such as PGE2 and 

lysophosphatidylcholine (LPC) (47).  

Because of the multivariate effect of such lipid mediators (38), there is a possibility that the 

effects produced by the activity of cPLA2α may also be caused by other mechanisms. More 

research is however necessary to understand the mechanism(s) behind it and investigate 

whether other inhibitory pathways, such as cellular apoptosis, also contribute to this context.  
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1.2.2 Role of cPLA2α in cell-cycle arrest and apoptosis  
	

As previously mentioned, cPLA2α is involved in regulating and producing many justified 

effects in cells. In the last years, researchers have also reported that cPLA2α plays an 

important role in regulating the cell cycle (48, 49). 

Cells divide by a tightly regulated sequence of events, which leads to formation of two 

daughter cells. This process consists of four distinct phases where each one has a specific 

function (G0-G1, S, G2 and M). In the initial phase, G0, the cells are in a resting stage and are 

not involved in the cell division process. The process of cell division starts when a cell enters 

G1 phase from G0. During this phase, cells increase in size and proteins required for DNA 

duplication and transcription are synthesized. After the synthesis of elementary proteins and 

other factors, cells transit into the S phase (synthesis phase) where DNA is duplicated. This 

process is followed by an entry into the G2 phase where cells produce other proteins, increase 

further in size and prepare for mitosis (M phase, cell division). During the M phase, cell 

growth stops, and cells start to divide by a coordinated sequence of events, leading to the 

formation of two daughter cells. Cyclic proteins, called cyclins, cyclin-dependent kinases 

(CDKs) and their inhibitors (CDK-inhibitors, CKIs, such as p15, p16INK4a, p21 and p27) drive 

the progression of cell cycle process. To activate or increase the kinase activity of CDKs, 

cyclins must form a complex with CDKs. When CDKs is activated, they can phosphorylate 

serine/threonine residues of target proteins, which regulate the progression of the cell cycle 

(50). In each phase, cells must go through multiple checkpoints before entering the next 

phase. These checkpoints make sure that each task in each phase is correctly accomplished 

before further progression of the cell cycle. During these checkpoints, the cells ensure that 

their size is large enough, DNA damage is repaired and replication is done correctly, and that 

chromosomes are all well aligned on the spindle before entering the mitosis, as illustrated in 

figure 4. If the cells cannot repair these problems, cell proliferation stops and the cell cycle 

progression discontinues, leading to cell cycle arrest (50).    
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Figure 4. Cell cycle process and checkpoints. Cells divide by a tightly regulated sequence of events, giving rise 
to two daughter cells. The cell cycle comprises of four phases (G0-G1, G2, S and M), each one with specific 
tasks. Cyclic proteins, called cyclins, cyclin-dependent kinasis (CDKs) and their inhibitors drive the progression 
of the cell cycle. From Canaud et al. 2015, with permission (50).  

	

In the study of Naini el al., cPLA2α was found to regulate G1 progression via PGE2, 

signalling (48). PGE2, an important bioactive lipid mediator and a product of cPLA2α 

activation, acts on the specific receptor, EP4. Activation of this receptor leads to induction of 

the PI3K/AKT pathway, which are shown to increase phosphorylation of the transcription 

factor (TF) and tumour suppressor protein forkhead box O1 (FOXO1) (51). The 

phosphorylation of this protein promotes its nuclear export, which in turn mediate G1 

progression of the cell cycle. When FOXO1 is not phosphorylated, however, it remains in the 

nucleus where it can facilitate cell cycle arrest, DNA repair, and apoptosis (51). An important 

issue to address is that FOXO1 is capable of inducing apoptosis in some cell types, but in 

other cell types, activated FOXO1 may induce cell cycle arrest with low level of cellular 

death (52). 

Moreover, another study of Movahedi et al., have revealed that cPLA2α regulates the G2-M 

transition of the cell cycle (49). This mechanism is mediated through inhibition of the activity 

of the tumour suppressor sirtuin 2 (SIRT2). The SIRT2 plays a significant role in controlling 

the G2-M transition checkpoint under cellular stress. However, cPLA2α can through 
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phosphorylation of SIRT2 antagonize the checkpoint function of this protein and promote cell 

proliferation (49). 

1.3 A new targeted treatment: specific cPLA2α inhibitors 
 

Lately, several specific cPLA2α inhibitors have been developed. The cPLA2α enzyme has 

been proposed as a medicinal target for BLBC as described earlier. Therefore, it is of big 

interest to investigate the role of this enzyme in BLBC/TNBC to find out whether selective 

inhibitors of cPLA2α may be a therapeutic option for BLBC/TNBC. In this subchapter, a 

number of specific cPLA2α inhibitors used in this master’s project, are briefly introduced.  

The triflouromethyl ketone analogue of ω-6-polyunsaturated fatty acid AA, AACOCF3 (or 

ATK) was the first cPLA2α inhibitor to be reported (30). ATK has been proven to have 

intermediate specificity towards cPLA2α and also shown to inhibit the activity of other 

enzymes, such as cyclooxygenases (53). In various cell based in vitro assays, ATK was found 

to inhibit the activity of cPLA2α in concentrations ranging from 1-30 µM (54-56).  

The Norwegian company Avexxin AS has developed novel selective cPLA2α inhibitors, 

which have been studied in in vitro and in vivo model systems. Results from these studies 

show effective inhibition of cPLA2α and further reduction of its downstream metabolites that 

are implicated in different pathological conditions (57). A specific cPLA2α inhibitor, 

AVX002 is a derivate of the ω-3-polyunsaturated fatty acid docosahexaenoic acid (DHA) and 

has a molecular structure similar to ATK. AVX002 differs from ATK in the way that the 

methylene group β to the carbonyl group of the ketone in ATK are substituted by a sulphur 

atom in AVX002 (58). This substitution creates a more electrophilic molecule, assuming to 

give a more potent inhibitor. In the study of Huwiler and co-workers, AVX002 was shown to 

inhibit the activity of cPLA2α in concentrations as low as 126 nM in rat mesangial cells (54). 

In contrast, ATK blocked the action of cPLA2α in concentrations from 300 nM, indicating 

that AVX002 is a more potent inhibitor of cPLA2α (54). Also, in the study of Sommerfelt and 

co-workers, SW892 cells were treated with AVX002 in various concentrations and the result 

showed that AVX002 inhibited tumour necrosis factor (TNF)-induced AA release in a dose-

dependent manner with an estimated IC50 (half maximum inhibitory concentration) value of 

0.9 ± 0.3 µM. In addition, AVX002 reduced the basal level of AA in concentrations ranging 

from 0.63-5 µM (59). Later, Sommerfelt and co-workers reported that AVX002 reduced AA 

and subsequent production of PGE2 in synoviocytes with 5 µM concentration (60). 
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In 2013, the company Avexxin modified a new cellular selective cPLA2α inhibitor (AVX235) 

with a different molecular chemistry than AVX002 and ATK. This compound belongs to the 

group of chemical compounds called thiazolyl ketones. Thiazolyl ketones has two 

heteroatoms in the heterocyclic ring of the molecule that ensures the activation of the 

carbonyl group. Moreover, the oxygen atom at the ß-position in the molecular structure 

enforces the activation of this molecule further. AVX235 has been tested in concentrations 

ranging from 0-20 µM in synoviocytes in vitro models and results shows that AVX235 

strongly inhibited the activity of cPLA2α from 5 µM (57).  

AVX420 is a further modification of AVX235 and also a thiazolyl ketone. The modification 

in AVX420 is believed to give a more electronegative atom, which gives a higher specificity 

to cPLA2α (manuscript in progression). The molecular structures of ATK, AVX002, AVX235 

and AVX420 are illustrated in figure 5. 

										 	

AACOCF3	 	 	 	 	 AVX002	

	

	

AVX420	

	

AVX235	

 

Figure 5: Molecular structure of AACOCF3 (ATK), AVX002, AVX420 and AVX235	



	

	 	 	
	 	 	

15	

1.4 The MDA-MB-468 cell line as an in vitro model for BLBC 
	

The MDA-MB-468 cell is a basal-like breast cancer cell line and originates from a 51-year-

old black female with metastatic adenocarcinoma of the breast. The MDA-MB-468 cell line 

was isolated in 1977 by R. Cailleau, et al.(61), from a pleural effusion and can be purchased 

from the American Type Culture Collection (ATCC), which is a private, non-profit biological 

resource center (BRC) and research organization.   

Human cancer cell lines have been established for more than 50 years and the first cancer cell 

line grown in culture were HeLa cells in 1951 (62). Cancer cell lines have since then been a 

useful tool for studying molecular biology, genetics and cancer therapy. The advantages of 

using established cell lines are that they represent the same morphological and molecular 

features of the tissue they were derived from. Use of cancer cell line to study therapeutic 

effects, however have also their disadvantages, due to the fact that cultured cells lack the 

optimal cell growth conditions, such as their surrounding microenvironment (63).  

MDA-MB-468 cells overexpress EGFR and transforming growth factor alpha (TGFα) 

receptor (64). Usually, in many normal and malignant cells, activation of EGFR by EGF 

results in increased cell proliferation and resistance to cell death. However, exposure of EGF 

in MDA-MB-468 cells leads to apoptosis and growth inhibition (65, 66). These effects are 

mainly evident in cells treated with EGF in serum free media, which means that all growth 

factors are removed from their cultivation medium. A possible explanation for this 

phenomenon is that EGF activates its receptor, but in the absence of other essential growth 

factors, such as in serum free media, the cells cannot complete cell proliferation. Instead, 

these cells activate their apoptotic machinery and commit suicide (66). Another important 

issue is that MDA-MB-468 cells have a high frequency (44-82%) of p53 mutations, which 

make the cells highly resistant to apoptosis (23, 67). Defects in the apoptotic cell death 

mechanism are central in the pathogenesis of many cancers (23). As stated earlier, damage in 

double-stranded DNA usually results in cell cycle arrest and cell death by apoptosis. 

However, in the presence of p53 loss of function mutations, this protein has no longer the 

ability to induce apoptotic cell death. The cells therefore become resistant to cell cycle arrest 

and apoptosis (23). 

The MDA-MB-468 cell line is a BLBC cell line that lack the expression of ER, PR and HER2 

(EGFR2) and can therefore be used as a model for studying the effects of TNBC and BLBC 

in vitro.  
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1.5 The aims of this thesis 
	

BLBC is an aggressive type of breast cancer with limited therapeutic options due to the 

complexity of this disease and the fact that these patients do not respond to any available 

targeted treatments such as ER-, PR- antagonists and antibodies against HER2-receptor. 

Currently, there are no established targeted therapies against BLBC/TNBC (13).  Although 

many agents that specifically aim to target this breast cancer subgroup are suggested, there are 

many adverse side effects related to these compounds (68, 69). Moreover, some of these 

compounds have had limited response in the overall survival in BLBC/TNBC patients, with 

tendency of developing resistance towards the treatments (23). Therefore, there is still urgent 

need for new compounds that can offer these patients better optional choices with less 

harmful effects (7).  

Given the important effects of cPLA2α and its downstream metabolites in cancer and 

angiogenesis, it is of great interest to investigate this phenomenon further and explore the 

possibility of cPLA2α as a therapeutic target for BLBC/TNBC (47). To our knowledge, few 

researchers have investigated the exact role of cPLA2α in cell proliferation in BLBC/TNBC. 

Hence, the main objective of this master project was to investigate whether cPLA2α inhibitors 

affects cell proliferation and/or cell viability in the MDA-MB-468 cells. If so, were the effects 

on cell proliferation and viability due to apoptosis and/or cell cycle arrest?  

Another goal of this master project was to evaluate the possible synergistic or additive effects 

of combining cPLA2α inhibitors with selective mTOR/PI3K inhibitors, such as dactolisib 

(BEZ235), alpelisib (BYL719) and buparlisib (BKM120), which themselves represent a 

promising treatment strategy for BLBC/TNBC(70-72). This co-treat strategy of combining 

two specific inhibitors that target different cellular pathways may in turn open for more 

effective treatment, possibly reduce adverse effects and lower resistance problems.  

Based on the information given in this chapter and the above statements, the aims of this 

project are to: 
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1) Establish the MDA-MB-468 cell line as a BLBC/TNBC cell model 

2) Investigate cell proliferation of the MDA-MB-468 cells when treated with 

different cPLA2α inhibitors and other comparative drugs/inhibitors 

3) Study whether cPLA2α-inhibitors and/or other comparative drugs/inhibitors 

affects apoptosis and/or the cell cycle of MDA-MB-468 cells 
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2 MATERIALS	AND	METHODS	

2.1 Reagents solution and materials 
	

All equipment such as reagents, solutions, pipettes and other materials used in this master 

thesis are listed in the following section. 

Cell cultivation, growth curve and cell experiments: 

The MDA-MB-468 cell line was obtained from ATCC. The cells were cultivated and 

maintained in 75 cm2 vented flasks, from Sarstedt. Similarly, 25 cm2 flasks were used to make 

growth curves. Roswell Park memorial institute medium (RPMI-1640), L-glutamine, 

Gentamycin, dimethyl sulfoxide (DMSO) was from Sigma-Aldrich. Fetal bovine serum (FBS) 

and trypsin-EDTA 0.05 % was from Gibco. The phosphate buffered saline (PBS) was from 

Oxoid. For the viability assays, Resazurin from R&D Systems were used. The different 

cPLA2α inhibitors and comparative drugs used in cell experiments are listed in table 2.1 along 

with their supplier.  

 

Inhibitor  Supplier Target 

AVX235 Prof. George Kokotos, University of 
Athens, Greece 

cPLA2α  

AVX420 Prof. George Kokotos, University of 
Athens, Greece 

cPLA2α  

AVX002 Synthetica AS, Oslo, Norway cPLA2α  

ATK 
(AACOCF3) 

Cayman chemicals, USA cPLA2α 

EGF Sigma-Aldrich, Norway EGFR  

Etoposide Sigma-Aldrich, Norway Topoisomerase II 

Doxorubicin Cayman Chemicals, USA Topoisomerase II 

Methotrexate Sigma-Aldrich, Norway Dihydrofolate reductase 

BEZ235 Cayman Chemicals, USA mTOR/PI3K 

BKM120 
(Buparlisib) 

Selleck Chemicals, USA Selective PI3K-inhibitor of 
p110α/β/δ/γ 

BYL719 
(Alpelisib) 

Selleck Chemicals , USA PI3Kα 
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Apoptosis Assay: 

For the apoptosis assay, the Caspase-GLO® from promega and a digital plate shaker from 

IKA® MS3 were used. The plate reader from Biotek was used for luminescence analysis. 

White 96-well plate with a flat and clear bottom was from Corning.  

Cell-cycle assay: 

Methanol 100 % solution was from VWR, RNase 200 µg/mL from Sigma-Aldrich and 

Propidium Iodide 40 µg/mL from Fluka. The 6-well plate was from Corning.  

	

2.2 Cell culture and cell experiments: 
 

The MDA-MB-468 cells were cultured using 75 cm2 cell culture flasks. The cells were grown 

in RPMI-1640 growth medium with 10 % FBS, 3 % L-glutamine and 0.1mg/mL gentamycin 

added. RPMI-1640 containing 10 % FBS is referred to as RPMI/10 % FBS in the following 

chapters. 

The cells were maintained and split at sub-confluent state every 3-4 days in a sterile LAF-

cabinet. Cells were counted and 1000 000 cells were transferred to the cultivation flask each 

time cells were split. The cells were split by washing the cells twice with 10 mL room 

tempered PBS, adding 1.5 mL of preheated (37 °C) 0.05 % trypsin-EDTA and incubating the 

cells for 4-5 minutes at 37 °C. To loosen the cells from the surface of the flask, the flask was 

gently tapped against the lab bench. Trypsin was deactivated by adding RPMI/10 % FBS 

approximately 4 times the volume of trypsin. The solution was then transferred to a 15 mL 

centrifuge tube and centrifuged at 700 rpm and 25 °C for 5 minutes. After centrifugation, the 

supernatant was discarded and cells were re-suspended in fresh growth media. The cells were 

then counted by using Bürcher chamber or automatized cell counter from Biorad. Cells were 

transferred to a tissue flask with 9 mL fresh preheated (37 °C) RPMI/10 % FBS growth media 

and incubated thereafter in a humidified 5 % CO2 incubator at 37 °C.  

For the cell experiments, the remaining cells were diluted using preheated (37 °C) fresh 

RPMI/10 % FBS medium until the desired cell concentration was obtained. Experiments were 

conducted using both serum-free RPMI (SF-RPMI) i.e. media containing only gentamycin 

and L-glutamin without FBS and RPMI/10 % FBS.  
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2.3 Establishing the growth curve of MDA-MB-468 cell: 
	

A growth curve is an empirical model for characterizing the development of cell growth over 

time. Cells in culture grow either in adherent way i.e. they grow attached to a surface 

(anchorage dependent), or in suspensions (anchorage independent). The MDA-MB-468 cells 

are adherent cells and grow only when attached to the surface of the flask. The characteristic 

growth pattern of most adherent cells consists of four phases: lag, log, stationary or plateau 

and decline phase. The lag phase indicates the initial phase after seeding of the culture vessel. 

During this phase, the cells grow slowly due to the stress that they are introduced to in sub-

culturing, or due to the fact that they are very few in numbers and lack cell-cell 

communication. In the lag-phase cells use their energy to attach to the surface and other basal 

metabolic activities. As the cells recover from the stress caused by sub-cultivation and 

increase in numbers, they enter the log phase. During the log-phase cells starts to grow 

exponentially until the growth surface is entirely covered with cells.  When cells occupy all 

surface area, cell proliferation reduces and stops and the cells enter the stationary phase. 

During the decline phase, the cells lose viability and their number decreases. To maintain cell 

viability, genetic stability and phenotypic stability, the cells need to be sub-cultured in the log 

phase i.e. when cells grow exponentially (73). 

Determining cell density of the culture flask is also important to define the growth surface 

area of cells. Confluence is often used to describe this phenomenon and refers to the 

proportion of the surface area that is covered by cells. In the lag phase, the confluency is very 

low and the surface area covered with cells range from 0-40 %. In sub-confluence state, there 

is available space for the cells to grow. At this stage the cell growth is exponentially and the 

confluency is between 50-85 %. When cells cover the entire surface area i.e.100 %, the 

available growth area is utilized and all the cells will be in contact with other cells.  At this 

stage the cells have reached stationary phase and are confluent. Cells that are confluent stops 

dividing due to contact inhibition and may start to express specific features of the 

differentiated mature cells. 

Cells were seeded at 50 000, 250 000 and 750 000 cells per culturing flask in RPMI/10 % 

FBS at day 0. The cells were then observed daily for 8 days. For each cell concentration, 8 

culturing flasks were used, one flask for each day. Culturing flasks were labeled with the 

different cell numbers and marked from 1-8 for each counting day. The 3 flasks with different 

cell seedings were counted using a Bürcher chamber for each day with 3 technical repeats.  At 
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day 3 the growth medium of flasks numbered from 6-8 were changed. Prior to counting, 

confluency of the cells in different flasks containing different initial cell number was 

determined for each day. Confluency below 40 % is referred as C<40 %. The growth curve 

experiment was repeated 2 times and the last experiment is presented as a representative for 

all experiments.  

 

2.4 Dose-Response: 
	

A dose-response experiment has the intention to determine the relation between the doses that 

induces a visual/measurable effect and the doses that does not. The purpose of the experiment 

was to validate the minimal dose of the inhibitors/comparative drugs that induces effects on 

MDA-MB-468 cells. Visual effects such as cellular death, phenotypic changes, morphologic 

changes and reduced cell proliferation were used to validate the effects. Moreover, resazurin 

was used as a viability assay to determine the viability of MDA-MB-468 cell when treated 

with different inhibitors/comparative agents/ and or marketed drugs.   

Resazurin, also known as Alarmar blue, is a redox dye that is often used as an indicator in cell 

viability assays. The assay is based on metabolically active cells that can reduce resazurin to 

pink resorufin and dihydroresorofin, which can be measured colorometrically or 

fluorometrically. Viable cells have high metabolic activity and are capable of reducing 

resazurin to resorufin and this reduction is directly proportional to the number of viable cells 

present in the medium. Hence, resazurin can provide us information about cell 

proliferation/viability in a sample (74).  

The dose-response experiment was performed for each therapeutic agent in a similar setup. 

The choice of concentration range was taken from earlier studies reported in the literature, 

which was carried out in similar cell lines or in the MDA-MB-468 cells. Relevant papers used 

as basis for the dose-response experiments conducted in this master’s project, along with their 

mechanism of action, are listed in table 2.2.   

MDA-MB-468 cells were seeded in a 96-well plate with 5000-7000 cells per well. The cells 

were incubated for 24-48 hours to adhere and until the confluency of the cells reached ∼60 %, 

i.e in a sub-confluent state where the cells grow exponentially. The 96-well plate were divided 

in half where 48 wells contained SF-RPMI and the 48 other wells contained RPMI/10 % FBS. 

4-5 columns of the 96-well plate were treated with different concentrations of compounds, 
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starting from high to low concentrations. 1-2 columns in each plate were used as control for 

cells treated in RPMI/10 % FBS and 1-2 columns with SF-RPMI. The columns used as 

controls were not treated with any inhibitor-/inducer/comparative drug and contained only 

growth media. Cells were observed in the microscope after 6 hours, 12 hours, 24 hours, 48 

hours and 72 hours exposure of the test compounds. Each set of experiment was repeated 

independently 3-4 times. The observed results were noted each day of the experiment. In the 

end of each experiment (i.e 72 hours after exposure), cells were treated with 10 µL/well i.e. 

final concentration 10 %(Cf=10 %) resazurin and incubated for 2-3 hours in a humidified CO2 

incubator at 37 °C. Most inhibitors/inducers used in this master thesis were dissolved in 

DMSO, thus one 96-well plate were treated with 10 µL of DMSO in each well (equals the 

highest volume of agent added in each well) and compared to a control with no treatment. The 

fluorescence reading was recorded with excitation (λex) wavelength of 544 nm and emission 

(λem) wavelength of 590 nm. The duration, stock concentrations, and the different 

concentrations of inhibitor used in the dose-response experiment are listed in table 2.3. 
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Table 2.2:  List of inhibitors/inducers with their mechanism of action, documentation from different studies 
were these compounds have been tested in different assays and in various cell types. 

Cell line Compound Mechanism of action/target protein  References 

MDA-MB-468 EGF Targets EGFR; EGF is a growth factor that stimulate proliferation, cell growth and 
differentiation (75). Normally activated EGFR leads to increased cell proliferation, cell 
survival and inhibition of apoptosis. In MDA-MB-468 cells, high levels of EGF in 
serum free media leads to apoptosis (66). 

10-100 ng/mL of EGF 
have induced 
programmed cell death 
in MDA-MB-468 cells 
(66, 76) 

MDA-MB-468 

HL-60:  human 
progranulocyti
c leukemia  

Etoposide Etoposide is a DNA topoisomerase II inhibitor. Inhibition of topoisomerase II induces 
the production of DNA breaks that stimulates programmed cell death or apoptosis. 
Etoposide acts in the S-phase and G-phase of the cell cycle and prevents the cells from 
going in the mitosis phase (77). 

Have shown to induce 
apoptosis from 0.2 -100 
µM (78-80) 

MDA-MB-468 Doxorubicin  Doxorubicin intercalates between DNA base pairs, inhibits topoisomerase II and 
induces steric obstruction, which lead to inhibition of DNA and RNA synthesis. 
Doxorubicin interacts at points of local uncoiling of the double helix and also binds to 
iron and produce iron-doxorubicin complex. The iron-doxorubicin complex can bind 
DNA and cell membranes and produce free radicals (81). Doxorubicin is a well-known 
cytotoxic drug and are commonly used chemotherapy in breast cancer.  

Induces apoptosis in 
range 0.1- 25 µM (82, 
83) 

ZR-75 (human 
breast cancer 
cells) 

Methotreaxate Folic-acid antagonist: Methotrexate irreversibly binds to and inhibits dihydrofolate 
reductase and inhibits formation of reduced folate and thymidylate synthetase. This 
leads to inhibition of purine and thymidylic acid synthase, which interacts with DNA 
synthesis, repair and cell replication. Methotrexate act specifically in the S-phase of the 
cell cycle (84). 

Induces apoptosis in 
range 10-100 µM with 
maximum inhibition at 
100 µM (85) 

MDA-MB-468 Alpelisib/-
BYL719 

Inhibits PI3Kα, an important protein kinase in cell proliferation signaling. Several 
studies point to this protein as a central enzyme in cell proliferation and survival 
signaling in cancer (86). This compound are currently under clinical trials in solid 
tumors. 

IC50:>10 µM (86)  

MDA-MB-468 Buparlisib/-
BKM120 

Selective PI3K-inhibitor of p110α/β/δ/γ: Aberrant PI3K- signaling has been implicated 
in the pathogenesis of many cancers and therefore is highly requested molecular target 
against several types of cancers (86). This compound are currently under clinical trials 
in solid tumors. 

IC50: <1µM (86) 

MDA-MB-231 Dactolisib/-
BEZ235 

 mTOR/PI3K- inhibitor: Is a dual inhibitor of PI3K/mTOR. A dysregulation of the 
PI3K/mTOR pathway is frequently observed in many types of tumours. Hence, 
targeting this pathway is of big interest in cancer therapy (86).  

Tested in concentrations 
ranging from 0.1-100 
µM in growth inhibition 
assays (87) 

- AVX420 cPLA2α-inhibitor: Inhibits the cPLA2α enzyme by blocking its active site, leading to 
reduced release of AA from membrane phospholipids.  

Currently, no data are 
available  

SW982 AVX235 cPLA2α; inhibits the cPLA2αenzyme by blocking its active site, leading to reduced 
release of AA from membrane phospholipids. 

Is shown to inhibit 
cPLA2α  in doses from 
0.3-20 µM in vitro 
assays (57) 

Mesangial cells  AVX002 cPLA2α-inhibitor: inhibits the cPLA2α enzyme by blocking its active site, leading to 
reduced release of AA from membrane phospholipids. 

Have shown to inhibit 
cPLA2α  in doses from 
0.1-10 µM with 
maximum effect shown 
at 10 µM (54, 59, 76) 

SW982 

Mesangial cells 

ATK cPLA2α-inhibitor; inhibits the cPLA2α enzyme by blocking its active site, leading to 
reduced release of AA from membrane phospholipids. This compound also inhibit 
COX-enzymes. 

Is shown to inhibit 
cPLA2α from 0.3-20 
µM (54) 
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Table 2.3: Overview of tested compounds, concentration range and duration of exposure time in dose-response 
experiments.  

Agents Stock concentration Concentration Duration (hours) 

AVX002 20 mM diluted in DMSO 1-100 µM 72 hours 

AVX235 20 mM diluted in DMSO 1-100 µM 72 hours 

AVX420 20 mM diluted in DMSO 1-100 µM 72 hours 

ATK 20 mM diluted in DMSO 1-50 µM 72 hours 

Etoposide 50 mM diluted in Chloroform 10-120 µM 72 hours 

Doxorubicin 10 mM diluted in DMSO 0.5-10 µM 72 hours 

Methotrexate 20 mM diluted in DMSO 1-100 µM 72 hour 

EGF 200 ug/mL diluted in PBS 10-100 ng/mL 72 hours 

BEZ235 5 mM diluted in DMSO 1-100 µM 72 hours 

BKM120 (Buparlisib) 20 mM diluted in DMSO 0.5-20 µM  72 hours 

BYL719 (Alpelisib) 20 mM diluted in DMSO 1-100 µM 72 hours 

	

	

2.4.1 Combination treatment of cPLA2α and selective PI3K inhibitors 
	

To assess the effects of cPLA2α inhibitors and PI3K inhibitors on the viability of the MDA-

MB-468 cells, several combination treatments were conducted. The experiment setup was 

similar as the dose-response experiment, except that the cells were treated in SF-RPMI for 24 

hours before adding resazurin and using the plate-reader. Cells were treated with various 

types of selective cPLA2α inhibitors or a selective PI3K-inhibitor (one column for each 

treatment). In addition, each selective cPLA2α inhibitor, were combined with one selective  

PI3K-inhibitor. For each treatment, 6-8 parallels were used. The different concentrations of 

the inhibitors used in this experiment are listed in table 2.4 below. 
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Table 2.4: Overview of the concentrations used in the combo-treatment experiment.   

Mono-treatment 

 

Concentration 

 

Combo-treatment 

Buparlisib/ BKM120 

Combo-treatment 

Dactolisib/BEZ235 

Combo-treatment  

Alpelisib/BYL719 

	
AVX002 

 

5 – 7.5 µM 5 µM + 2 µM  5 µM + 5 µM 5  µM + 5 µM  

ATK 5 – 7.5 µM 7.5 µM + 2 µM   

 

	

AVX235 5-20 µM 10-20 µM + 2 µM 5 µM + 5 µM 

 

5 µM +5 µM	

AVX420 7.5- 20 µM 10-20 µM + 2 µM 5 µM + 5 µM 5 µM +5 µM	

Buparlisib/BKM120 2 µM   	

Dactolisib/BEZ235   5 µM   	

Alpelisib/BYL/719   5 µM   	

Doxorubicin   1-5 µM   	

DMSO    4-6 µL   	

	

	

2.4.2 Caspase-3 and -7 assay  
	

Caspase-Glo® 3/7 assay is a luminescent assay that measures caspase-3 and 7-activities in 

cultured cells and purified enzyme formulations. The caspase-3 and caspase-7 are members of 

cysteine aspartic acid-specific proteases (Caspase) family of proteolytic enzymes that plays a 

central role in apoptosis (88). This assay will provide information about apoptosis by 

measuring the caspase activity of the cells, which is proportional to the amount of apoptotic 

cells in a sample. When using this assay, a proluminescent caspase 3/7 substrate is produced, 

which contains the tetrapeptide sequence of DEVD (Aspartic acid- Glutamine- Valine –

Aspartic acid). This substrate is cleaved to release aminoluciferin, which is a substrate of 

luciferase used in the production of light. Adding the Caspase-Glo® reagent mix to the cells 

results in cell lysis followed by caspase cleavage of this substrate and production of a 

luminescent signal, produced by luciferase. This luminescence signal is proportional to the 

amount of caspase activity present in the sample (89).  
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The main objective of this caspase assay was to investigate whether different agents induce 

apoptosis or other inhibitory mechanisms such as necrosis in MDA-MB-468 cells. A 

combination of buparlisib/BKM120 with different cPLA2α inhibitors was used to investigate 

whether cPLA2α alone is involved in apoptosis and if combined with PI3K inhibitors there is 

a possible synergistic/additive effect. Caspase assay was performed on MDA-MB-468 cells in 

sub-confluent state plated in white 96-well plates at 7000 cells per well in 100 µL RPMI/10 % 

FBS. Due to the risk of edge effects, only the inner 60 wells of the plates were used. Instead, 

100 µL of PBS was added to the uttermost wells of the plates. After seeding, the cells were 

incubated over night to adhere. Next day, the media from the cells was replaced with SF-

RPMI containing different concentrations of single inhibitors/agents and combination of two 

inhibitors: cPLA2α inhibitor and buparlisib/BKM120 (pan-PI3K inhibitor). After treatment, 

the cells were incubated for 5 hours in 37 °C. The concentration of the inhibitors is listed in 

table 2.5. The cells were treated with AVX002 in mono treatment and combined with 

buparlisib/BKM120. The same goes for AVX235 and AVX420 were one column was used 

for mono treatment and one for combination treatment. One column of the 96-well plate was 

used as a apoptosis control, these cells were treated with 5 µM doxorubicin, which is a 

commonly used apoptosis inducer. Also, 4  µL of DMSO (equals the highest volume of 

inhibitors added to each solution) was dissolved in SF-RPMI and added to one column. In 

addition, one column was used as control with no treatment in this experiment. After 5 hours 

of incubation, the cells were treated with Caspase-Glo®. The Caspase-GLO was taken out 

from freezer -20 °C and equilibrated to room temperature. Thereafter the content of Caspase-

GLO® 3/7 buffer was mixed with the Caspase-GLO® substrate and 70 µL of the solvent was 

added to each well. When the assay was performed, one well was used as a blank reaction 

which contained only SF-RPMI and no cells. Also, one well was used as a negative control 

which contained cells with SF-RPMI. The blank reaction was used to measure the background 

luminescence associated with the cell culture system. The cells were thereafter red in a plate 

reader equipped for chemiluminescence detection. When the results were analysed the values 

of the blank reaction was subtracted from the experimental values. 
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Table 2.5: Concentration of the inhibitors used in the caspase assay. 

Mono treatment 
concentration 

Combo-treatment Buparlisib/ BKM120 concentration 

AVX002  

5  µM 

5 µM + 5 µM 

AVX235   

20 µM 

20 µM + 5 µM 

AVX420 

20 µM 

20 µM + 5µM 

Buparlisib/BKM120 

5 µM 

  

Doxorubicin 

1 µM 

   

  

2.5 Cell-cycle assay 
	

Flow cytometry is a rapid method used to measure the optical and fluorescence characteristics 

of cells. It includes measurements of different characteristics such as cell size, cytoplasmic 

complexity, DNA or RNA content and also a broad variety of other proteins in the cells. Flow 

cytometry can also be used to analyse blood samples, bone marrow, serous cavity fluids, 

cerebrospinal fluid, urine and solid tissues. To be able to measure these characteristics, the 

samples must be pre-treated with certain fluorescent dyes that can bind and intercalate to 

different cell components such as DNA or RNA. The dyes commonly used for these purposes, 

include propidium iodide, phycoerythrin and fluorescein (90).  

Cells were plated at 150 000 cells per well in a 6-well plate and incubated at 37 °C for 24 

hours to adhere and to reach ∼60 % confluency. After 24 hours, the cells were treated with 

8.0, 5.0 and 2.0 µM AVX002, 3.0 µM buparlisib/BKM120 (pan PI3K-inhibitor) and 1 µM 

doxorubicin diluted in SF-RPMI. Moreover, the 8.0 µM, 5.0 µM and 2.0 µM AVX002 were 

combined with 3.0 µM BKM120 and cells were incubated for 24 hours in 37 °C. The 

experiment was performed with six technical repeats for each condition and two biological 

replicates.  
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2.5.1 Fixing and permeabilizing cells  
	

After 24 hours of treatment, the cells were detached from their surface by removing the media 

and adding ∼0.5 mL 0.05% trypsin-EDTA to each well and incubated for ∼7 minutes. The 

trypsin was deactivated by adding RPMI/10 % FBS 4 times the volume of trypsin (i.e 2 mL) 

to the cells and transferred to 15 mL centrifuge tubes. Next, the cells were resuspended and 

centrifuged for 5 min at 1500 rpm and the supernatant was thereafter discarded. The cells 

were then resuspended in ice cold methanol (-20 ºC) very gently, due to the risk of clumping 

and fragile condition of the cells. Next, the tubes were labeled and frozen at -20 ºC until 

further processing. 

2.5.2 Removal of RNA 
	

After fixation, the cells were centrifuged at 1500 rpm for 5 minutes, the supernatant was 

removed and the cells were resuspended in 2 mL of 200 µg/mL RNase. Thereafter, the cells 

were left at room temperature for 30 minutes.  

2.5.3 Staining the cells and analysis by using flow cytometer  
	

After removal of the RNA, the cells were again centrifuged at 1500 rpm for 5 minutes and 

resuspended in propidium iodide 40 µg/mL. The samples were analysed by using the 

Beckman Coulter flow cytometer at the Department of Physics at NTNU.  

	

2.6 Statistical analysis  
	

Student’s t test was used to determine a significant difference between two groups for the 

viability assays. P values ˂0.05 were considered statistically significant. Significance levels 

are indicated in the figures and tables. The error bars represent mean values with ± standard 

deviation (SD). Cell cycle profiles were created using the Kaluza 1.1 software program. The 

Excel program was used to determine the slope and the log phase of the entire growth curve 

experiment.  
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3 RESULTS	

3.1 MDA-MB-468 cells do not enter stationary and decline phase 
	

Cells grown in culture have generally four distinct growth phases: lag, log, stationary and 

decline phase. In each phase the frequency of mitosis differs due to several factors influencing 

the growth of the cells, such as metabolic activity, cell-cell contact, protein synthesis and the 

presence of serum in the culturing media. The purpose of the growth curve experiment was to 

investigate the proliferative rate of different cell seeding densities of the MDA-MB-468 cells 

in culture, which is a major factor when conducting experiments to study cell proliferation.  

MDA-MB-468 cells were seeded at 50 000, 250 000 and 750 000 cells per culturing flask in 

RPMI/10 % FBS. Cells seeded at 50 000 cells per flask never entered the log phase, and 

continued in the lag phase during the whole 8-day experiment. Cells seeded at 250 000 cells 

per flask, on the other hand, reached the log phase at day 4 and stayed in this phase the 

remaining days of the experiment. Cells seeded at 750 000 cells per culturing flask reached 

the log phase at day 2 and also continued in this phase throughout the whole experiment. 

None of the flasks containing different cell concentrations reached the plateau and/or 

stationary phase. The cells seeded at 250 000 cells per flask and 750 000 cells per flask 

continued to grow exponentially even though the total growth surface area was occupied 

(figure 6). Also, the flasks with the highest cell density had more cells floating in their growth 

medium and for each day this trend increased gradually. The flasks that had their growth 

media replaced with fresh media had higher growth rate compared to the first days (figure 6). 

The growth curve experiment conducted in this master thesis is similar to the ATCC growth 

curve for MDA-MB-468 cells (91).  It was observed that the MDA-MB-468 cells grow 

multilayers when the cells became denser in the flasks. This was observed under high 

microscope magnification where it was possible to see the cells grow on top of each other.  
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Figure 6: Growth curve of MDA-MB-468 cells that were plated in 25 cm2 tissue flasks with different cell 
densities. The y-axis indicates the average number of cells per flask for each day of the experiment. The last 
experiment is shown as representative of two independent growth curve experiments. The error bars show 
standard deviation after three technical counts.  

 

The population doubling time (PDT) for cells seeded at 250 000 cells per flask and 750 000 

cells per flask was calculated by using formula (1). Cells seeded at 50 000 cells per flask did 

not reach the exponential growth phase and therefore the PDT was not calculated for these 

cells. 

DT = T ln (2)/ln (Xe/Xb)       (1) 

T = the incubation time at the beginning in any unit 

Xb = the beginning of the incubation time 

Xe = the cell number at the end of the incubation time (73). 

 

The PDT was considerably higher in the highest initial cell seeding (750 000 cells per flask) 

and lower in cells seeded at 250 000 cells per flask (table 3.1). The PDT after the cells had 

reached the log-phase was calculated to be approximately 42 hours for cells seeded at 250 000 

cells per flask and 46 hours for cells seeded at 750 000 cells per flask. 
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Table 3.1: The population doubling time (PDT) of the growth curve experiment.  

Primary cell number  Population doubling time 
(PDT)(hours) 

 50 000     - 
 250 000 ~ 42 
 750 000 ~ 46  
 

Cell confluency is a term used to estimate the total surface area of the tissue flask that is 

covered with cells. It is often designated as the percentage of available growth area that is 

occupied by cells. 

Cells plated at 50 000 cells per flask, never reached the log phase and the confluency 

remained C<40 % during the whole 8-day experiment. At this seeding density, cells grew in 

“patches” or colonies and were not evenly spread in the flasks. In addition, cells at this cell 

density had low proliferative progress in contrast to the other cell densities. The highest 

confluency of the flask with initial seeding at 50 000 cells, barely reached 35 % confluency. 

Cells seeded at 250 000 cells per flask reached 40 % confluency at day 2 and had a large 

increase in confluency the day after and continued in this process until the end of the 

experiment. The last day of the experiment, cells seeded at 250 000 cells per flask had 

become 100 % confluent and the total culturing flask was covered with cells. Cells seeded at 

750 000 cells per culturing flask had 60 % confluency day 1 of the experiment and reached 

100 % confluency at day 5 (figure 7). Even though cells seeded at this density were 100 % 

confluent and the total flask was covered with cells, cells kept increasing in numbers (figure 

6).  
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Figure 7: Progression of cell confluency each day of the 8-day experiment. The graph shows one curve for each 
cell number plated in different 25 cm2 tissue flasks.  Following the 8-day growth curve experiment, cells with the 
highest cell seeding density reached 100 % confluency during the first 4-5 days, while the lowest cell seeding 
density barely reached ∼35 % confluency. The figure shows the last experiment as a representative of two 
independent growth curve experiments. 

 

In summary, cell density of 250 000 and 750 000 cells per 25 cm2 tissue flask are optimal cell 

densities for conducting experiments for cells in exponential proliferative growth. These 

results are important to address when performing experiments where cell confluency and cell 

density are essential.  
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3.2 Methotrexate, doxorubicin, etoposide and EGF as apoptosis-inducing agents  
	

Doxorubicin, etoposide and methotrexate are well-known chemotherapeutical drugs used for 

treatment of many types of cancers (92). EGF, which is known to increase proliferation has 

also shown to induce apoptosis in the MDA-MB-468 cells due to their over expression of 

EGFR (76). Therefore, the purpose of this experiment was to study their effects on the 

viability of the MDA-MB-468 cells using the resazurin viability assay. EGF was included to 

compare the effects of this growth factor and commonly used chemotherapies/or apoptosis 

inducing agents.  

DMSO is frequently used for dissolving compounds/agents/inhibitors and for making stock 

solutions in different concentrations in our lab. DMSO is however toxic for cells in high 

concentrations. Therefore, we tested the highest DMSO load that equalled the highest amount 

of the inhibitors/agents/compounds used in our experiments. This was done in order to 

exclude the possible cytotoxic effects of DMSO on the viability of the MDA-MB-468 cells. 

Cells were seeded in 96-well plates at desired cell density and incubated in 37 °C for 24 hours 

to adhere. Next, cells were treated with different drugs/or compounds in SF-RPMI and 

RPMI/10% FBS for 72 hours. The viability of the cells was observed after 6, 12, 24, 48 and 

72 hours of exposure. One plate was treated with 10 µL/mL DMSO in SF-RPMI for 24 hours 

and compared with the viability of cells with no treatment. 

EGF did not reduce the viability of the MDA-MB-468 cells considerably in RPMI/10 % FBS 

compared to SF-RPMI. Inn addition, cells treated with 100-200 ng/mL EGF in SF-RPMI had 

much lower viability compared to cells treated with the same concentrations in RPMI/10% 

FBS.  Cells treated with EGF in RPMI/10 % FBS reduced the viability of the cells by ∼20-30 

% regardless of the dose. After 6 hours of treatment, cells treated with the highest 

concentration of EGF had a round appearance and this trend gradually decreased with lower 

concentrations of EGF (figure 8-A). The effect of EGF gradually increased over time 

(exposure time 6,12, 24, 48 and 72 hours). 

Doxorubicin and etoposide showed similar effects with increasing apoptotic cell death for 

each day (figure 8-B, C). Following 6, 12, 24, 48 and 72 hours exposure, the cells showed the 

characteristic signs of apoptosis, such as blebbing, small dots, gradually breakdown of the 

membrane etc. (microscopy observations, results not shown). Cells treated with etoposide 
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showed slightly higher metabolic activity (viability) in SF-RPMI treated cells. Yet, these 

effect were insignificant (figure 8-B). 

For methotrexate, clear effects were also observed, however not in a dose-dependent manner; 

the effects in the viability of the cells were similar in all concentrations. Again, the effects did 

not differ between cells treated in SF-RPMI and RPMI/10 % FBS. Increasing the dosage of 

methotrexate did not give any higher response on the viability of the MDA-MB-468 cells 

(figure 8-D).  

Cells treated with 10 µL/mL DMSO show no significant difference in viability compared to 

the control. The DMSO-load in these experiments represents 2-6 µL/mL in media and is 

safely under the limit where DSMO show toxic effects. Therefore, we excluded the possible 

cytotoxic effects of DMSO on the MDA-MB-468 cells in 1 % concentration as shown in 

figure 8-E. The IC50 value of each inhibitor was defined by using sigmaplot and is 

demonstrated in table 3.2.  
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Figure 8: Results represent the average of three biological replicates after 72 hours of treatment where the ± SD 
is presented in appendix A. A) EGF reduced the viability of the MDA-MB-468 cells in the concentration range 
from 10-200 ng/mL in both SF-RPMI and RPMI/10% B) Etoposide reduced the viability of the cells from 10-
120 µM. C) Doxorubicin showed almost no difference between SF-RPMI and RPMI/10 % FBS treated cells. D) 
Methotrexate did not reduce the viability of the MDA-MB-468 cells in a dose-dependent manner. E) DMSO-
load in these experiments is safely below the limit where DMSO has effect and shows no cytotoxic effects in 10 
µL/mL concentration The data is represented as mean 	±  SD where ctrl is set to 100 % viability (n=3). 
***(p<0.001), versus untreated cells. Ctrl, untreated cells 

       A) 

 

          B) 

 

   C) 

 

      E) 

 

       D) 

 

 

 



	

	 	 	
	 	 	

36	

Table 3.2: Effects of apoptosis inducing agents on the viability of MDA-MB-468, IC50-values show the half 
maximum inhibitory concentration of the compounds. 

Inhibitor Target IC50 

72 hours,  

RPMI 
10%/FBS 

IC50  

72 hours,  

SF-RPMI 

 Etoposide Topoisomerase II <10 µM <10 µM 

Doxorubicin Topoisomerase II  1.0 µM 0.7 µM 

Methotrexate Dihydrofolate 
reductase  

 

 a 

 

b 

EGF EGFRs  a 60 ng/mL 
a 50% reduction in viability not achieved in concentration range 10-200 ng/mL; b no dose-response; 

 

To summarize, EGF was not found to be strong inducer of apoptosis in the MDA-MB-468 

cells. A dose-response was not achieved for cells treated with methotrexate and cells showed 

no difference between the various concentrations tested in this experiment. The DMSO-load 

of the inhibitors used in this study is considered to be non-toxic. 

Cells treated with drugs/agents in SF-RPMI and RPMI/10% FBS showed no significant 

difference in reducing the viability of the MDA-MB-468 cells. Both doxorubicin and 

etoposide induced apoptosis in the MDA-MB-468 cells in a dose-dependent manner. This 

shows that etoposide and doxorubicin, which are commonly used chemotherapies in cancer 

treatment, also is effective in this cell line. Moreover, this finding strengthens the validity of 

the cell model system. 
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3.3 Selective cPLA2α inhibitors affect the viability of the MDA-MB-468 cells  
	

The cPLA2α-enzyme regulates several cellular effects in various types of tissues by 

controlling the release of AA and the subsequent conversion of lipid mediators called 

eicosanoids. In cancer cells, an increased cPLA2α expression have been associated with high 

proliferation rate, invasion, metastasis and reduced apoptosis (44). In this study the possible 

role of selective cPLA2α inhibitors on proliferation/viability of the MDA-MB-468 cells was 

evaluated.  

A dose-response experiment was conducted for each agent in order to investigate the effects 

of each inhibitor. Cells were treated with selective cPLA2α inhibitors in SF-RPMI and 

RPMI/10 % FBS and followed for 72 hours. Moreover, the effects were compared between 

different culturing media.  

AVX235 and AVX420 belong to the group of compounds called thiazolyl ketones and 

exerted similar inhibitory effects on the MDA-MB-468 cells. In this experiment, AVX235 

and AVX420 reduced the viability of the MDA-MB-468 cells with similar concentrations in a 

dose-dependent manner. The inhibitory effects of the compounds were clearly stronger in 

cells treated with SF-RPMI compared to cells treated in RPMI/10 % FBS.  After 6 hours of 

treatment with > 25 µM AVX235 and AVX420, cellular stress/death was clearly seen (figure 

9-A, B). Moreover, these cells had a morphological appearance that differed from cells treated 

with lower concentrations of the same inhibitors. These cells were swollen and had a 

transparent “balloon” like appearance around each cell when observed under the microscope 

(results not shown). Following 12 hours of treatment, cells treated with AVX235 and 

AVX420 in concentrations > 25 µM showed stronger effects with further visible signs of 

stress/cellular death in a larger quantity of cells. After 24 hours of treatment, maximal effect 

was seen in all inhibitors. Following 48 and 72 hours post treatment, no further signs of cell 

death/stress was observed in cells treated with AVX235 and AVX420 in all concentrations.   

In contrast to AVX235 and AVX420, AVX002 reduced viability of the MDA-MB-468 cells 

in the same concentrations (>25 µM), but showed more potent inhibition in 50 µM and 100 

µM concentration both in SF-RPMI and RPMI/10% FBS treated cells (figure 9-C). Cells 

treated with 25 µM AVX002 in RPMI/10 % FBS displayed similar effects on the viability of 

the MDA-MB-468 cells as AVX235 and AVX420. Intriguingly, MDA-MB-468 cells treated 

with 1 µM and 5 µM of AVX002, showed ∼10 % higher metabolic activity (p value <0.05). 
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Following these cells for 6, 12, 24, 48 and 72 hours, the same trends as for AVX235 and 

AVX420 were observed with the same concentrations in both SF-RPMI and RPMI/10 % 

FBS. 

Since all AVX-inhibitors showed approximately no difference in effects on viability of the 

cells in 100 µM and 50 µM, the 100 µM concentration was excluded in the dose-response 

experiment with ATK. Also in this context, ATK showed similar effects in the dose-response 

experiments, except lower inhibition in 25 µM both in SF-RPMI and RPMI/10% FBS 

compared to all AVX-inhibitors. Cells treated with 25 µM ATK in SF-RPMI showed 30 % 

inhibition in viability compared to 40-50 % inhibition with AVX235 and AVX420, and ∼ 90 

% inhibition with AVX002 in SF-RPMI (figure 9-A-D). The IC50 value of each inhibitor is 

demonstrated in table 3.3.  
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A) 

 

     B) 

 

C) 

 

       D) 

 

Figure 9:	 Dose-response experiments of MDA-MB-468 cells treated with selective cPLA2α inhibitors in a 
concentration range from 1-100 µM (1-50 µM for ATK)in SF-RPMI and RPMI/10 % FBS. The results are based 
on the average of three biological replicates, where the SD is presented in appendix B. A) AVX235 B) AVX420 
C) AVX002 D) ATK. The data is represented as mean ± SD where ctrl is set to 100 % viability (n=3).  *** 
(p<0.001) versus untreated cells. Ctrl, untreated cells. 
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Table 3.3: Effects of selective cPLA2α inhibitors on the viability of MDA-MB-468 cells, IC50-values show the 
half maximum inhibitory concentration of the compounds. 

Inhibitor 

 

Target IC50 

72 hours,  

RPMI/ 10% FBS 

IC50  

72  hours,            
SF-RPMI 

ATK cPLA2α/COX 36 µM 32 µM 

AVX002 cPLA2α 34 µM 7   µM 

AVX235 cPLA2α 83 µM 34 µM 

AVX420 cPLA2α  90 µM 25 µM 

  
 

In summary, selective cPLA2α inhibitors affect the proliferation/viability of the MDA-MB-

468 cells in a dose-dependent manner. The effects were clearly significant with all selective 

cPLA2α inhibitors, however AVX002 showed more potent inhibition that AVX235 and 

AVX420 in both SF-RPMI and RPMI/10 % FBS for concentrations > 50 µM.  
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3.4 PI3K/mTOR-inhibitors reduce viability of MDA-MB-468 cells in a dose-dependent 
manner 

 

Since the PI3K-pathway has been proposed as a therapeutic alternative for BLBC/TNBC (22), 

the next step was  to investigate the impact of various selective PI3K inhibitors on the 

viability of the MDA-MB-468 and compare it with the effects seen in cPLA2α treated cells. 

In addition, the purpose of this experiment was to assess the efficacy/potency of distinctive 

types of PI3K inhibitors with different selectivity towards specific isoforms of PI3K. 

A dose-response experiment was conducted as described earlier with each agent in order to 

evaluate the effects of each inhibitor. Cells were treated with selective PI3K inhibitors in SF-

RPMI and RPMI/10 % FBS, and the effects were compared between the different culturing 

media. The results were also compared with various types of PI3K inhibitors.  

All the PI3K inhibitors tested in this experiment reduced the viability of the MDA-MB-468 

cells in a dose-dependent manner as shown for the cPLA2α inhibitors (subchapter 3.3). 

However, each compound tested in this experiment showed a unique response in decreasing 

the viability of the MDA-MB-468 cells both in SF-RPMI and RPMI/10% FBS. Furthermore, 

the effects of the inhibitors did not differ by much in SF-RPMI and RPMI/10 % FBS in 

contrast to cells treated with the cPLA2α inhibitors. For example, the difference in IC50-

values of buparlisib/BKM120 between cells treated in SF-RPMI and in RPMI/10% FBS was 

only 1.2 µM (table 3.4) compared to 65 µM for AVX420 (table 3.3). Also, following the cells 

for 6, 12, 24, 48 and 72 hours post-treatment showed increasing effect on the viability of the 

cells. After 24 hours exposure, no additional signs of cellular stress/death were observed for 

each inhibitor. 

The dual mTOR/pan PI3K inhibitor dactolisib/BEZ235 inhibited the viability of the cells in 

SF-RPMI and RPMI/10 % FBS from ≥ 5 µM in a dose-dependent manner (figure 10-A). 

Alpelisib/BYL719 (PI3Kα inhibitor) did not affect the viability of the cells significantly in 1 

µM and cells treated with 100 µM alpelisib/BYL719  in SF-RPMI had a higher viability 

compared to cells treated with alpelisib/BYL719  in RPMI/10 % FBS in the same 

concentration. Maximum viability was up to 30 % in cells treated in 100 µM 

alpelisib/BYL719 in both growth media (figure 10-B). As for the pan PI3K inhibitor, 

buparlisib/BKM120, the inhibitory effects of this compound was similar for almost all 

concentrations. In addition, cells treated with 10 µM and 20 µM buparlisib/BKM120 in SF-
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RPMI, showed higher viability compared to cells treated in RPMI/10 % FBS. Although 

buparlisib/BKM120 showed variable effects in different culturing media, this compound was 

the most potent inhibitor in reducing the viability of cells from 1 µM in both SF-RPMI and 

RPMI/10 % FBS (figure 10-C).  

Table 3.4: Effects of selective PI3K inhibitors on the viability of MDA-MB-468 cells, IC50-value show the half 
maximum inhibitory concentration of the compounds. 

Inhibitor 

 

Target IC50 

72 hours,  

RPMI 
10%/FBS 

IC50  

72 hours,  

SF-RPMI 

 BEZ235/Dactolisib panPI3K/mTOR 13 µM 7 µM 

Alpelisib/ BYL719 PI3Kα 32 µM 20 µM 

Buparlasib /BKM120 panPI3K 6.7 µM 5.5 µM 
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A) 

 

B) 

 

C) 

 

 

Figure 10:	 Dose-response experiment of MDA-MB-468 cells treated with selective mTOR/PI3K inhibitors in a 
concentration range from 1-100 µM (1-20 µM for Buparlisib/BKM120) in SF-RPMI and RPMI/10% FBS based 
on the average of three biological replicates of all inhibitors where the SD is presented in appendix C. A) 
Dactolisib/BEZ235. B) Alpelisib/BYL719 C) Buparlisib/BKM120. The data is represented ± SD as mean where 
Ctrl is set to 100 % viability (n=3). *(p<0.05), ***(p<0.001), versus untreated cells. Ctrl, untreated cells. 

 

In summary, selective (mTOR)/PI3K inhibitors reduced the proliferation/viability of the 

MDA-MB-468 cells in a dose-dependent manner. Buparlisib/BKM120 was the most potent 

inhibitor and reduced the viability of cell in all tested concentrations with IC50 value 5.5 µM 

in SF-RPMI and 6.7 µM in RPMI/10 % FBS. The difference between cells treated with 

inhibitors in SF-RPMI and RPMI/10 % FBS was not significant. 
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3.5 Combination of buparlisib/BKM120 with cPLA2α inhibitors demonstrated additive 
effects 
	

Having found that cPLA2α inhibitors and (mTOR)/PI3K inhibitors affect the viability of the 

MDA-MB-468 cells, the next step was to assess the effects of this occurrence by combining 

cPLA2α inhibitors with different selective PI3K inhibitors. The PI3K pathway and cPLA2α 

pathway both play a major role in cancer cell growth, survival, angiogenesis and proliferation 

(23, 47). Therefore, our intention for conducting a combination treatment was to investigate 

the possible additive/synergistic effects of cPLA2α inhibitors when combined with selective 

PI3K inhibitors. Also, the purpose of the experiments was to investigate the effects of 

combination treatment in lower concentrations. Additivity describes the effect of two 

compounds that produces the same effects of one compound in a lower concentration than the 

required concentration of only one compound. Synergistic effects, on the other hand means 

that the effect of two compounds together is greater than the total effect of each compound 

individually in the same dose (93). 

The combination treatments were performed in a period of 24 hours and all the cells were 

treated in SF-RPMI. This choice was made to exclude other factors that may influence our 

results. Also, since the effects on the viability of the cells did not differ by much from 24 -72 

hours post-treatment (as described in subchapter 3.3 for the cPLA2α inhibitors), cells were 

treated for 24 hours in this experiment. The plate was red after 24 hours of treatment in a plate 

reader. The concentrations of each treatment was chosen based on the IC50 values found for 

the inhibitors. In order to study whether the compounds have additive effects on the MDA-

MB-468 cells when combined together, a sub-optimal dose close to the IC50 values was 

chosen.  

The result from this study revealed additive effects upon combining dactolisib/BEZ235 with 

AVX002. In this experiment, AVX002 showed most promising result on reducing the 

viability of the MDA-MB-468 cells when combined with selective (mTOR)/PI3K inhibitors 

(figure 11-A, C). AVX235 and AVX420 demonstrated lower additive effects in combination 

with dactolisib/BEZ235 and showed no synergistic effects (figure 11-A).  

When alpelisib/BYL719 was combined with selective cPLA2α inhibitors, no additive effects 

were observed in any biological replicate (figure 11-B). Buparlisib/BKM120, on the other 

hand, showed most potent inhibition and also showed additive effects in almost all 

combination treatments (figure 11-C). In this experiment, it was discovered that combining 
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two inhibitors that target different pathways could provide a new treatment strategy for 

BLBC/TNBC. 

A)

 
                        C) 

B)

 

          

Figure 11: Viability assay of combining two selective inhibitors with different working mechanisms, one that 
inhibits the activity of cPLA2α and the other targeting the (mTOR)/PI3K-pathway, which are associated with 
cancer progression and proliferation. The result is based on the average of three biological replicates after 24 
hours of treatment where SD is presented in appendix D. A) Dactolisib/BEZ235 combined with selective 
cPLA2α inhibitors B) Alpelisib/BYL719 combined with selective cPLA2α inhibitors C) Buparlisib/BKM120 
combined with selective cPLA2α inhibitors. The data is presented as mean	± SD where ctrl is set to 100 % 
viability (n=3). ***(p<0.001), versus untreated cells. Ctrl, untreated cells. 
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In conclusion, the combination of selective PI3K inhibitors and selective cPLA2α inhibitors 

that targets proliferation pathways of the MDA-MB-468 cells in different ways may offer 

alternative treatments for BLBC/TNBC. Alpelisib/BYL719 was not a good combination 

candidate and showed no additive effects in combo-treatment. Buparlisib/BKM120, on the 

other side, showed additive effects in all combo-treatments and may offer a new treatment 

strategy for BLBC/TNBC.  

 

3.6 Buparlisib/BKM120 and cPLA2α inhibitors increase the caspase activity of the 
MDA-MB-468 cells 
	

The caspases are a central group of enzymes that play a major role in the apoptotic pathway 

by regulating different processes in the cells which leads to cell death. Caspase 3- and 7 

functions as the last step of apoptosis and work by cleaving a number of different substrates in 

the nucleus or cytoplasm. The cleavage of different substrates in the cells leads to the general 

morphological features of apoptosis  (DNA fragmentation, blebbing and cell shrinkage) (88, 

94). 

The caspase assay was performed to investigate whether the effects of selective PI3K and 
cPLA2α-inhibitors shown in previous experiments, was due to apoptosis or other inhibitory 
mechanism such as necrosis. The caspase assay was used as a method to determine the 
caspase activity of the MDA-MB-468 cells, which reflects the amount of apoptotic cells in a 
cell population. 

Based on the previous performed resazurin experiments, buparlisib/BKM120 showed best 

effects in combination treatment. Therefore, buparlisib/BKM120 was chosen in this assay to 

be combined with AVX235, AVX420 and AVX002 in different concentrations. The choice of 

the concentrations of the inhibitors used in this experiment was determined based on previous 

data from the dose-response experiments and the calculated IC50 values for the inhibitors.  

The results show that single treatment of selective inhibitors increases the caspase activity of 

the MDA-MB-468 cells in a similar fashion as doxorubicin, which was chosen as a control for 

apoptosis. In contrast, cells treated with combination treatment had a higher caspase activity 

(figure 12). This highlights that combining two inhibitors with different cellular targets, 

namely cPLA2α and PI3K, increases the caspase activity of the MDA-MB-468 cells 

significantly. As expected, the control treatment, which only contained SF-RPMI, did not 

increase the caspase activity at all.  
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Figure 12: The figure represents the relative light units (RLU) obtained from the average of two biological 
replicates of MDA-MB-468 cells treated with different types of cPLA2α inhibitors and buparlisib/BKM120. The 
values are blank-substracted (blank= no caspase activity). The units and SD of each treatment is presented in 
appendix E. *** indicate (p <0.001) and * indicate (p <0.05)  
	

To conclude, the compounds tested in the caspase 3/7 experiment showed a significant 

increase in caspase activity, and the increase was higher than what was observed for 

doxorubicin which is was used as an apoptosis control. Also, combining the cPLA2α and the 

pan-PI3K inhibitor buparlisib/BKM120 targeting different pathways resulted in a two-fold 

additive effect. This indicates that induction of apoptosis is one possible mechanism to 

explain reduced viability of MDA-MB-468 cells in response to cPLA2α- and PI3K inhibitors 

alone and in combination. 
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3.7 AVX002 and buparlisib/BKM120 induce cell cycle arrest in the MDA-MB-468 cells  
	

The previous data obtained from the caspase assay showed increased caspase activity of the 

MDA-MB-468 cells when treated with selective cPLA2α inhibitors and the pan PI3K 

inhibitor buparlisib/BKM120. Moreover, combining these two type of inhibitors showed 

significantly higher caspase activity compared to mono-treatment.  

To investigate whether the cell cycle of the cells is also affected when inhibiting these two 

cellular pathways, flow cytometry was utilized. In this experiment, the effects of AVX002 

and buparlisib/BKM120 in MDA-MB-468 cells cell cycle phase distribution were analysed. 

Cells were treated with 2 µM, 5 µM and 8 µM AVX002, 3 µM buparlisib/BKM120 and 1 µM 

doxorubicin in SF-RPMI for 24 hours. Also, different concentrations of AVX002 was 

combined with 3 µM buparlisib/BKM120. The results of these treatments were compared 

with untreated cells (control).  

Doxorubicin, at 1 µM induced cell cycle arrest in the G2+M phase significantly (G2+M 84.26 

%) (p<0.001) (figure 13-B and table 3.4) in contrast to the control (G2+M 35.18 %) (figure 

13-A and table 3.4). Treating the cells with 3 µM buparlisib/BKM120 also arrested the cells 

significantly in the G2+M phase similar to doxorubicin, however to a lower extent; (84.26 % 

for doxorubicin vs. 59.02 % for buparlisib/BKM120), (figure 13-B,C and table 3.4). 

The lowest concentration of AVX002 (2 µM) did not alter the cell cycle phase distribution of 

cells significantly (figure 13-D and table 3.4). In addition, the same applies for the cells 

treated with 5 µM AVX002, even though a possible indication of cell cycle arrest in the G1 

phase was observed (figure 13-E and table 3.4). However, increasing the dose of AVX002 to 

8 µM gradually altered the cell cycle phase distribution of the MDA-MB-468 cells 

significantly and arrested the cells in the G1 phase (p<0.03) (figure 13-F and table 3.4). When 

2 µM AVX002 was combined with 3 µM buparlisib/BKM120, the effects of buparlisib/-

BKM120 were more evident (figure 13-G and table 3.4). Moreover, increasing the dose of 

AVX002 to 5 µM showed higher amount of cells in G1 phase compared to the combination 

treatment with 2 µM concentration of AVX002 (figure 13-H and table 3.4). MDA-MB-468 

cells treated with 8 µM AVX002 combined with 3 µM buparlisib/BKM120 showed more 

cells arrested in the G1 phase. This observation was made by comparing the data from the cell 

cycle phase distribution of mono-treatment with buparlisib/BKM120 and AVX002. 

Increasing the dose of AVX002 to 5 µM in combo-treatment, neutralized the effects of 
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buparlisib/BKM120 to a certain level by shifting the cell cycle phase distribution towards G1. 

Moreover, cells were also more gathered in the G2+M phase compared to the control even 

though the effects of AVX002 were increasing (figure 13-I and table 3.4).	

Figure 13:	 Histograms of cell cycle phase distribution of the MDA-MB-468 cells treated with different 
inhibitors after 24 hours in SF-RPMI. One figure was selected to represent the results of each treatment. The 
figure shows the gated cells on the fluorescent (FL3) histogram where the fluorescence intensity was detected at 
channel FL3 for propidium iodide. Count, cell number A) Control B) Doxorubicin (1 µM) C) Buparlisib/-
BKM120 (3 µM) D) AVX002, (2 µM) E) AVX002 (5 µM) F) AVX002 ( 8 µM) G) AVX002 (2 µM) and 
buparlisib/BKM120 (3 µM) H) AVX002 (5 µM) and buparlisib/BKM120 (3 µM)  I) AVX002 (8 µM) and 
buparlisib/BKM120( 3 µM)  

 



	

	 	 	
	 	 	

50	

 

The total gated phases were setup to exclude cell debris and/or aggregates of cells from the 

final flow cytometry analysis. Moreover, the total gated phases were defined to 100 % in each 

trial and each phase was calculated relative to that. Hence, the total percentage of G1, S and 

G2+M adds up to 100 % in each trial. The percentages of cell cycle phase distribution of each 

treatment are presented in table 3.4.  

Table 3.4: Effects of different treatments on cell cycle phase distribution of the MDA-MB-468 cells. 

Treatment G1 (%) S (%) G2+M (%) 

Ctrl 54.102 ± 2.41 10.67  ± 1.07 35.183 ± 2.9 

Doxorubicin (1 µM) 5.704 ± 3.66 *** 10.038 ± 1.65 84.26± 2.87 *** 

Buparlisib/BKM120 (3 µM) 27.72 ± 2.26 *** 12.95  ± 2.37 59.02 ± 2.81 * 

AVX002 (2 µM) 51.85 ± 2.41  11.68 ± 3.03 35.00 ± 1.65 

AVX002 (5 µM) 56.20 ± 0.93  11.03  ± 3.07 32.88 ± 2.69 

AVX002 (8 µM) 59.17 ± 2.77 ** 7.045  ±1.41*** 33.89 ± 2.81 

AVX002 (2 µM) + 
buparlisib/BKM120 (3 µM) 

42.08 	± 3.46 *** 6.2  	±  0.55 *** 51.99 ± 4.18*** 

AVX002 ( 5 µM) + 
buparlisib/BKM120 (3 µM) 

52.57 ± 1.60 7.60 	± 1.46** 39.47 ± 2.40** 

AVX002 (8 µM) + 
buparlisib/BKM120 (3 µM) 

60.66 ± 4.52 * 8.99  ± 1.72 29.30 ± 4.67* 

The data represent the percentage of SD ± (%) of one representative experiment with 6 technical repeats. The 
asterisks denote the significance level from untreated cells (ctrl). *(p<0.05), **(p<0.03), ***(p<0.001) 

 

In summary, doxorubicin and buparlisib/BKM120 clearly showed cell cycle arrest in the 

G2+M phase. This shows that these compounds/inhibitors regulate the progression of G2-M 

phase and prevent the MDA-MB-468 cells from undergoing mitosis. Cells treated with 8 µM 

AVX002 arrested the cells in G1 phase and inhibited the progression of G1 to S phase. The 

combination treatment of AVX002 with buparlisib/BKM120 showed variable effects on the 

cell cycle phase distribution of the MDA-MB-468 cells depending on the concentrations of 

the inhibitors. Increasing the dose of AVX002 clearly increased the amount of cells in the G1 

phase.  
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4 DISCUSSION	
	

This master project addresses the effects of cPLA2α on MDA-MB-468 cells viability. 

Proliferation, apoptosis and the cell cycle of the MDA-MB-468 cells were investigated by 

using selective cPLA2α inhibitors alone, comparative drugs, and/or combined with selective 

PI3K inhibitors. During this master project various methods and instruments were used to 

investigate the effects of cPLA2α inhibition on the MDA-MB-468 cells and whether the 

viability and/or the cell cycle of these cells were affected when treated with different 

concentrations of various inhibitors. The aim was to evaluate whether selective inhibitors of 

cPLA2α alone or combined with other recommended targeted treatments could offer a 

promising targeted treatment for BLBC/TNBC.  

The effects of different treatments on the viability of the MDA-MB-468 cells were measured 

by using resazurin as an indicator of cell proliferation and metabolic activity.  Since resazurin 

measures the metabolic conversion of resazurin to dihydroresorufin, a reduction in the 

conversion of resazurin may indicate less viable cells (74).  

A caspase assay was performed in order to determine whether the effects of the inhibitors on 

the viability of the cells were caused by apoptosis. In order to assess the effects of cPLA2α 

inhibition alone and in combination with buparlisib/BKM120 on the MDA-MB-468 cells cell 

cycle, flow cytometry was utilized.   

All the experiments performed on the MDA-MB-468 cells were conducted in sub-confluent 

state at the time of treatment. Cells in this stage grow exponentially and characterize the 

natural proliferative state of BLBC/TNBC cells in the tumour.  
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4.1 Different seeding numbers affects the growth of the MDA-MB468 cells  
 

The knowledge and experience of senior researchers in the PLA2 lab were essential in 

defining the different seeding concentrations at the beginning of the experiment. Three 

different concentrations were selected to differentiate between too low initial cell density and 

too high initial cell density. The purpose of the experiment was also to compare the growth 

rates of different cell seeding densities and to determine the optimal seeding density in later 

experiments.  

The MDA-MB-468 cells were seeded at 50 000, 250 000 and 750 000 cells in 25 cm2 tissue 

flasks and were followed for 8 days. Cells seeded at 50 000 cells per flask never reached 

exponential growth phase and stayed in the lag phase the remaining days of the experiment. 

Moreover, cells in the lowest initial cell seeding density grew in patches or colonies. Beside 

these cells showed different morphologies with different shapes and sizes in contrast to the 

higher cell seeding densities, where most cells were aligned tightly next to each other and had 

a round shape. Due to the fact that cells growing in culture is dependent on cell-cell contact, 

low initial cell seeding density may limit cell-cell contact and therefore inhibit the growth 

progression of these cells. In addition, cells seeded at 50 000 cells per flask were able to adapt 

to their environment and make cell-cell contact with nearby cells, which can explain why 

cells grew in patches/colonies and why the cells were not evenly spread in the flasks. Cell at 

the lowest seeding concentration had challenges in growth during the total 8-day experiment, 

which was not unexpected. Cells seeded at the highest density on the other hand, reached 

exponential growth early after seeding and continued in this state until the last day of the 

experiment. These results reveals that cell-cell contact is a major factor for cell proliferation 

and that seeding density plays an important role in this context.   

Cells seeded at 250 00 cells per flask reached exponential growth at day 4 in contrast to cells 

seeded at 750 000 cells per flask, which reached exponential phase at day 2. However, when 

calculating the PDT, the time required for cells to double were higher for cells seeded at 750 

000 cells per flask compared to the cells seeded at 250 000 cells per flaks. A possible 

explanation for this may be that more cells require more growth factors and consume more 

serum, which can lead to starvation of cells and a decrease in cell growth (95). The PDT was 

calculated only for cells that had reached exponential growth phase. This choice was made 

due to the fact that cell growth, during the exponential phase, is relatively constant and 

reproducible for various types of growth conditions (73). Calculating the PDT of cells in the 
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lag phase, however, may not be reliable or reproducible since these cells grow in much lower 

rate. Cells seeded at the highest density had a steep rise in cell numbers at day 6. This can 

confirm that cancer cells can proliferate regardless of cell density but needs sufficient 

amounts of growth factors to complete mitosis (95). 

	

4.2 Cells keep growing even though the total surface of the flask are occupied  

Cells seeded in the highest density continued to grow exponentially even though the total 

tissue flask was covered with cells. This may be related to the fact that tumour cells in vitro, 

unlike other cell lines, have a wide range of morphological appearances and other growth 

related properties. This includes alterations in cell motility and shape, adhesive properties, 

loss of density dependent growth, changes in cell surface properties and loss of anchorage 

dependence growth. These properties have been associated directly or indirectly with the 

cytoskeleton (96). 

The MDA-MB-468 cells never reached the stationary phase or decline and continued to grow 

exponentially during the whole experiment period. A possible explanation may be, that the 

media was changed at day 4, which supplemented the cells with more serum that contains 

various types of growth factors. Also, these cells are cancer cells and may not be affected by 

contact inhibition. The cells kept proliferating in multilayer as observed in our case, which is 

supported by a study showing that MDA-MB-468 cells grow in multi layers (97). On the 

other hand, the ATCC guide line for this cell line has a similar growth curve, which reveals 

that these cells enter the stationary phase at day 10 (91). It suggests that even though the cells 

evade density dependent growth, the access of serum may limit cell growth and further 

development. In addition, the limited time course of the experiment may also affect the 

observed results. If the experiment was prolonged for a longer period or if the cells was 

seeded in a higher concentration, we might have observed the stationary phase of these cells. 

Cells seeded in the highest seeding density reached 100 % confluency at day 5 and even 

though the flask where 100 % confluent, the cells kept growing exponentially. However, these 

cells had a rounder shape and were smaller in size which may correlate to adaption towards 

the limited growth space to further facilitate cell proliferation.  

For experimental purposes, a seeding density of 50 000 cells in a 25 cm2 culturing flask is not 

desired. Low seeding densities limit cell proliferation and reduce cell-cell contact. Therefore,  
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when conducting experiments on cell proliferation it should be taken into account that cell 

seeding density play a major role in this context and should be considered carefully.  

 

4.3 Comparison of EGF, methotrexate, etoposide and doxorubicin 
	

Methotrexate, etoposide and doxorubicin are commonly used cytotoxic drugs in cancer 

therapy. These drugs act directly or indirectly on the DNA or on the cell proliferation 

machinery and induce apoptosis (92). EGF is generally known to incduce proliferation in 

several cell types, but in MDA-MB-468 cells, increased apoptosis are reported in response to 

EGF (66). 

In this research, EGF was found to inhibit viability of MDA-MB-468 cells in a dose-

dependent manner. The anti-proliferative effects or apoptosis inducing effects of EGF were 

rather limited in RPMI/10% FBS compared to the other apoptosis inducing drugs. In addition, 

the anti-proliferative effects of EGF were stronger in SF-RPMI. In earlier studies, it has been 

reported that MDA-MB-468 cells, in response to EGF in growth arrested cells, activates 

EGFR (66). However, instead of initiating a cascade of events that leads to cell proliferation, 

these cells react by activating other kinases, leading to cellular apoptosis (76). This 

phenomenon is believed to be more evident in serum free media. Serum containing media 

comprises other growth factors besides EGF, which might compensate for the growth 

inhibition of EGF. Serum free media on the other hand, lack these growth factors and can 

initiate apoptosis in response to EGFR activation in MDA-MB-468 cells (66).  

Doxorubicin and etoposide exerted similar response on the viability of the MDA-MB-468 

cells.  It was not observed considerable better effects in SF-RPMI compared to RPMI/10% 

FBS. This can be supported by the fact that these drugs act mainly in highly proliferative cells 

(77, 81). Therefore, removing serum from their growth media may not increase their cytotoxic 

effects substantially. Even though a slightly lower metabolic activity was found in cells 

treated with doxorubicin in SF-RPMI, these results were insignificant. 

A dose-response was not achieved for methotrexate in our viability assay. This is in line with 

the fact that these cells are resistant to methotrexate therapy. In the study of de Almagro et al., 

one possible reason behind methotrexate resistance was found to be caused by the induction 

of UDP-glucuronosyltransferase 1A6 (UGT1A6) (98). This enzyme is involved in phase II 

metabolism where a glycosyl group from uridine diphosphoglucuronic acid (UDPGA) is 
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added to methotrexate. This addition transforms methotrexate to a more hydrophilic drug so it 

can be eliminated via the bile and urine.  It has been suggested that methotrexate induce the 

transcription level of UGT1A6, which leads to increased conversion of methotrexate to 

inactive form by UGT1A6 (98). This is in line with what was observed in our study where 

increased methotrexate dose did not induce higher cytotoxic effects. 

4.4 Comparison of different cPLA2α inhibitors  
 

The cPLA2α enzyme is considered as an important enzyme and play a essential role in the 

pathogenesis of many inflammatory diseases including cancer as mentioned earlier. Hence, 

selective inhibitors of cPLA2α have been investigated for a long time, and several types of 

inhibitors that target the active site of this enzyme have been developed (30). In our case, the 

effect of selective cPLA2α inhibitors on the viability of the MDA-MB-468 cells showed 

promising results where growth inhibition was successful in all the tested compounds.  

The dose-response experiment of the cPLA2α inhibitors revealed that AVX002 was the most 

potent inhibitor. Nevertheless, all four selective inhibitors of cPLA2α suppressed proliferation 

of the MDA-MB-468 cells significantly and to a certain degree in a dosage-dependent 

manner.  

Firstly, AVX002 is a derivative of the ω-3-PUFA DHA and are known to be stable in cell 

based assays (54). The reason behind this may relate to its molecular structure where the 

ketone on the molecule is reduced. This reduction renders the molecule to its active form 

where it can bind to cPLA2α and block the activity of it. 

It should also be mentioned that ATK is a slow inhibitor of cPLA2α and need more time to 

bind to its target (99). Also, in this context, the same may apply for AVX002 due to the fact 

that this compound displays similar structural properties as ATK. Another issue to address is 

the lipophilic properties of these compounds. Lipophilic compounds such as AVX002 and 

ATK are derivatives of PUFA and such molecules are believed to interact with membrane 

phospholipids before entering into the cytoplasm where they exert their effects. Therefore, 

due to these factors, the effect of such compounds may be delayed in comparison to the other 

compounds (54). In this project, similar observations were made in the dose-response 

experiments with AVX002 and ATK where the effects were observed after 4-5 hours 

compared to 2 hours after exposure with AVX235 and AVX420 in the highest concentration. 

Cells treated in the highest concentration showed a morphological change where enlargement 
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of the plasma membrane and bursting after a couple of hours were observed. The same 

observation was made with these inhibitors in HaCaT keratinocytes (personal communication 

Nur Mahammad, Avexxin AS). These findings may indicate necrosis, since it illustrates the 

general morphological characteristics of necrosis (100).  

In low concentrations of the inhibitors, however, it appeared that the cells had a 

morphological appearance that resembles cells undergoing apoptosis, which was membrane 

blebbing, pores in the membrane and small black dots which may be an indicative of cell 

debris (100).   

These observations highly support that cPLA2α inhibitors at high concentrations may induce 

necrosis and apoptosis at low concentrations of inhibitors. More research is still needed to 

confirm these findings and the possible reasons behind these observations.  

Secondly, ATK was the least effective inhibitor of cPLA2α. A possible explanation of this 

may be due to the fact that ATK is rapidly oxidized in contact with oxygen (101), which also 

concerns AVX002. Therefore, when working with this compound it should be dissolved and 

applied rapidly. In addition, when performing experiments with such compounds, the 

compounds should always be stored at -80 °C to minimize oxidation, which is common 

practice in the PLA2 lab. Further explanation for this topic is discussed in subchapter 4.10 

that mention technical variations of the experiments. 

Thirdly, AVX235 and AVX420 have different chemical structure, which are also in high risk 

of getting reduced metabolically. The reduction of the ketone group of these compounds, in 

contrast to what is the case for AVX002, are not beneficial due to the fact that these 

compounds are inactivated when reduced (102). Furthermore, the half-life of these 

compounds is believed to be shorter because of this rapid reduction.  

In our study, we discovered that the potency of these two compounds differed significantly 

compared to ATK and AVX002. Indeed, these findings may suggest that the effects of these 

inhibitors may be due to shorter half-life.  

Also, it should be mentioned that even though AVX002 was found to be the most potent 

inhibitor in this experiment, we can not conclude that AVX002 is the most potent cPLA2α 

inhibitor of the tested compounds. However, it is speculated that adding AVX235 and 

AVX420 to cell culture experiments every 6-12 hours may show similar potency as AVX002 

on the MDA-MB-468 cells. In addition, the study of Mete et al. suggested that adding a 
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methyl-group in the α-position of the ketone group of the molecule could stabilize the 

structure of these compounds. This modification, can in turn inhibit the enzymatic reduction 

of such compounds and increase their biological effects (102). The reduction site of each 

inhibitor and suggested modification of AVX235 and AVX420 are shown in figure 14.  

Also, the exposure time of the inhibitors were chosen from earlier studies with viability 

assays on similar cell lines and compounds. Yet, the exposure time was not optimal due to the 

fact that cells already after 24 hours showed maximal effects on the viability of the MDA-

MB-468 cells.  

	

										 	

																					AVX002																																																																																														AVX235	

	

																		 	

																						ATK																																																																																																				AVX420	

Figure 14: The chemical structure of AVX002, AVX235, ATK and AVX420. The ketone group of ATK and 
AVX002 is reduced to its active form where it can bind to the active site of the cPLA2α enzyme. AVX235 and 
AVX420 have a different structure and are also metabolically reduced by other enzymes, but this reduction 
inactivates these molecules. The red arrows point to the ketone group that can be reduced to inactive form and 
the green arrows points at the ketone group of AVX002 and ATK that are reduced to their active form. The blue 
arrows on AVX235 and AVX420 shows the possible substitution of the hydrogen-atom by a methyl-group in α-
position to the ketone which can stabilize these structures and reduce metabolic inactivation of the ketone.  
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4.5 Comparison of selective PI3K/(mTOR) inhibitors 
	

Three different types of inhibitors that are shown to be central in BLBC/TNBC signalling 

pathway were tested on MDA-MB-468 cells.  

The results of the dose-response experiments revealed excellent inhibition in all the tested 

compounds with different IC50 values depending on the type of inhibitor. All the inhibitors 

showed small differences in effects between compounds dissolved in SF-RPMI and RPMI/10 

% FBS. The difference between the two different media was not as big as for the cPLA2α 

inhibitors. This finding can indicate that these compounds target cells where the proliferation 

rate is high. Also, in this context, serum starvation is known to decrease cell proliferation rate 

(103), and therefore reduced proliferation rate may supress the effect of such inhibitors. Even 

though all compounds showed positive anti-proliferative effects on MDA-MB-468 cells, the 

potency varied between different compounds. Alpelisib/BYL719 was the least potent 

inhibitor with an IC50 value of 20 µM in SF-RPMI compared to dactolisib/BEZ235 and 

buparlisib/BKM120, which had an IC50 value of 7 µM and 5.5 µM, respectively. A possible 

explanation for this observation may be due to the fact that alpelisib/BYL719 only targets one 

specific isoform of the many existing isoforms of PI3K-enzymes (104). It is not surprising 

that targeting several isoforms of PI3K involved in cancer signalling give better anti-

proliferative effects compared to targeting only one isoform. Also, it has been found that this 

inhibitor is most effective in tumours with altered PI3Kα (104). This can indicate that 

targeting PI3Kα is not relevant in MDA-MB-468 cells, and the reason behind it can be due to 

the fact that not all isoforms of PI3K occurs to be important in all cancer cells signalling 

pathways (104). Alpelisib/BYL719 may thus have excellent anti-proliferative effects in some 

tumours and limited response in others. More research is however needed to find whether 

PI3Kα can benefit all BLBC/TNBC patients or only a selection of these patients. 

The dual PI3K/mTOR inhibitor dactolisib/BEZ235, targets four different isoforms of PI3K, 

namely p110α/γ/δ/β and mTOR. The advantages of using inhibitors targeting different  

isoforms of PI3K are that they inhibit several types of enzymes involved in cancer cell 

survival, metastasis and angiogenesis (105). This can in turn increase their efficacy in tumour 

cells, but it should also be mentioned that using such inhibitors have their disadvantages as 

well. Lately, the study of Netland et al., discovered that using dactolisib/BEZ235 in brain 
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tumour was associated with high toxicity and intolerable side-effects (106). Therefore, this 

compound is not recommended to be used as a therapeutic drug.  

The pan PI3K inhibitor buparlisib/BKM120 targets the p110α/β/δ/γ. This compound has 

shown great anti-proliferation and apoptosis activity in several in vivo and in vitro studies (86, 

107).   

4.6 Comparison of combo-treatment with selective PI3K inhibitors and cPLA2α 
inhibitors 

	

In the combination experiment we aimed to investigate additive and/or synergistic effects of 

selective cPLA2α and PI3K inhibitors. Each cPLA2α inhibitor was combined with one 

specific PI3K inhibitor.  

Overall, combining these two types of inhibitors did not show synergistic effect, but rather 

additive effects. Additive effects were also observed in the caspase assay (figure 12). 

In our results, the combination treatment with buparlisib/BKM120 was the most successful 

treatment. The reason behind this can be due to better concentration choice of the inhibitors 

and to the fact that a higher concentration of the cPLA2α inhibitors was chosen.  

Combining alpelisib/BYL719 with selective cPLA2α inhibitors did not show any additive or 

synergistic effects. Again, the reason behind this might be the concentration choice of 

alpelisib/BYL719 and cPLA2α inhibitors, which was not optimal. The calculated IC50 value 

of alpelisib/BYL719 was 20 µM in SF-RPMI and in the combination experiment, a 

concentration much below this limit was used (5 µM). This also applies for the cPLA2α 

inhibitors where 5 µM of each inhibitor were used, which was also below the IC50 value 

limits of the inhibitors. Therefore, it is questioned that choosing a concentration closer to the 

IC50 limit of this compound may also show similar inhibitory effects as the 

buparlisib/BKM120 combination treatment. Due to the limited time of this master project, this 

experiment was not repeated beside the three biological replicas. Thus, optimizing the 

concentration of the inhibitors in the combination treatment is an issue to be addressed in 

future studies.  

Similarly, the combination treatment of dactolisib/BEZ235 did not show any additive or 

synergistic effects on the MDA-MB-468 cells. The reason behind this is believed to be caused 

by the concentration choice of the cPLA2α-inhibitors only, and not concentration of 
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dactolisib/BEZ235. This is highly supported by the fact that 5 µM AVX002 in combination 

with 5 µM dactolisib/BEZ235 (which was around the limit of the IC50 values for each 

compound) induced additive effects. Also, in this context, an additive effect can not be ruled 

out and optimizing the concentration of the inhibitors could confirm this suggestion.  

In summary, even though selective cPLA2α and PI3K/mTOR inhibitors have had positive 

response on reducing the viability of MDA-MB-468 cells, rational combination of these two 

inhibitors that targets different signalling pathways in cancer are important. This can 

substantially increase the therapeutic outcome and overcome the resistance problem for these 

patients.  

 

4.7 Selective cPLA2α inhibitors increase caspase activity 
 

Caspases are responsible for many of the morphological and biochemical alterations of cells 

during apoptosis.  Activated caspase 3 and 7 cleave and activate other caspases and proteins 

involved in apoptosis. An increase in caspase activity is highly correlated with a high 

apoptosis signal (88).  

The activity of caspase 3 and 7 were investigated by caspase assay. Here, selective cPLA2α 

inhibitors and buparlisib/BKM (pan PI3K inhibitor) increased the caspase activity of MDA-

MB-468 cells in a similar way as doxorubicin. In addition, when selective cPLA2α inhibitors 

were combined with buparlisib/BKM120 a further increase in the caspase activity was 

observed. This can indicate that both inhibitors induce caspase activity in MDA-MB-468 

cells. However, in the study of Basu et al., a selective COX-2 inhibitor, celecoxib, that targets 

a downstream enzyme of cPLA2α, showed no induction in the caspase activity and did not 

increase apoptotic death in the MDA-MB-468 cells (108). In the same study, MDA-MB-231, 

a more aggressive cancer cell line, both increased caspase-activity and induced apoptotic 

death. The COX-2 enzymes are responsible for the conversion of AA to various lipid 

mediators, including PGE2 that is implicated in cancer signalling (109). The cPLA2α on the 

other hand, regulates the release of AA which can metabolically be converted through other 

enzymes than COX-2 to several types of lipid mediators (44). It is therefore considered that 

other metabolites of AA (such as thromboxanes) also may play important role in the caspase 

activation. However, further studies are needed to examine whether other metabolites may be 

involved in this process. Also in the study of Basu et al., Dulbecco's modified eagle medium 
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(DMEM) was used to culture the cells and cells were 80 % confluent at time of the treatment 

(108). Such elements have shown to play a fundamental role in order to obtain reproducible 

results. For example, the study of Kim et al., discovered the importance of these factors and 

showed that alterations in these elements changes the gene expression levels of cancer cells 

substantially (110). Therefore, we cannot rely on the fact that the results of this study also 

apply for these cells. 

	

4.8 Cells arrested at different cell cycle phases in response to AVX002 and 
buparlisib/BKM120 

	

The cPLA2α enzyme has been found to regulate cell cycle progression of murine cells by 

controlling the production of PGE2, which leads to activation of the PI3K/AKT pathways. 

This in turn increases phosphorylation of FOXO1 that mediate G1 progression of the cell 

cycle (48). It has also been found that cPLA2α can control the G2-M transition of the cell 

cycle through phosphorylation of SIRT2 (49).  

In this experiment, cPLA2α was not found to regulate G2-M arrest in the MDA-MB-468 

cells. However, 8 µM AVX002 was shown to induce G1 arrest to a certain level. This can 

indicate that cPLA2α seems to play a greater role in controlling the G1 phase in the MDA-

MB-468 cells cycle than the transition of G2-M phase.  

Doxorubicin, on the other hand, induced cell cycle arrest in the G2-M phase. This finding is 

highly supported by the study of Lüpertz R et al, that also showed similar findings in Hct-116 

human colon carcinoma cells (111). Yet, in this study, doxorubicin was found to induce cell 

cycle arrest in the G2-M phase at 1 µM concentration after 24 hours and G1-arrest in 5 µM 

concentration. Simultaneously, buparlisib/BKM120 also arrested the MDA-MB-468 cell in 

the G2-M phase of the cell cycle. These observations were similar to the observations made 

for doxorubicin, beside the fact that the percentage of cells in the G2-M phase in response to 

buparlisib/BKM120 was significantly lower. Also here, our findings are in correlation with 

the study of Koul et al. where buparlisib/BKM120 also arrested cells in the G2-M phase 

(112). Although in this study, the effects were seen in glioma cells and the exposure time 

were 72 hours, same observations were made in this context.   

When 3 µM buparlisib/BKM120 and 8 µM AVX002 was combined, an increasing number of 

cells in the G1 phase of the cell cycle were observed. This may suggest that low concentration 
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of AVX002 did not affect the cell cycle phase distribution of the cells and the effects of 

buparlisib/BKM120 here were more visible. Increasing the dose of AVX002 in the 

combination treatment increased the effects of AVX002 and induced cell cycle arrest in the 

G1 phase.  

In order to truly conclude that these observations are due to the effects of AVX002 and 

buparlisib/BKM120, protein expression level and phosphorylation levels of proteins involved 

in the regulation of cell cycle phase needs to be assessed.  

  

4.9  cPLA2α may regulate pathways such as PI3K and RAF/MEK/ERK in BLBC/TNBC 
	

Here we present the possible signalling pathways of the cPLA2α inhibition that can affect 

BLBC/TNBC survival, apoptosis, angiogenesis and proliferation. An overview of the possible 

signalling pathways of cPLA2α in BLBC/TNBC is demonstrated in figure 15. In the figure, 

the blue arrows points at the possible pathways which may be affected when inhibiting the 

cPLA2α enzyme. The detailed information about signalling proteins and other enzymes were 

not investigated in this project, and are mostly based on suggestions and confirmed 

knowledge. Studying the downstream signalling proteins in the MDA-MB-468 cells or other 

BLCB/TNBC cells with high expression of cPLA2α could be an issue to be addressed in 

future research.  

The cPLA2α enzyme is known to regulate the activity of the PI3K/AKT pathway by 

regulating the production of PGE2, as described earlier. Also, cPLA2α is shown to regulate the 

RAF/MEK/ERK signalling by its phospholipase activity (48). Inhibiting these pathways is 

thus associated with cell cycle arrest and/or apoptosis. Also, this enzyme plays a crucial role 

in other cancer signalling pathways that leads to metastasis, survival and angiogenesis (44). 

Hence, cPLA2α inhibition may be beneficial in regulating the expression and the activity of 

these pathways. Therefore, this enzyme could introduce a novel targeted therapy that may 

benefit BLBC/TNBC patients, which have a different survival prognosis compared to other 

breast cancer patients.  
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Figure 15: Suggested mechanism of action where cPLA2α may target different pathways in BLBC/TNBC. The 
blue arrows indicate possible pathways where PLA2α may target cell proliferation, survival, metastasis and 
apoptosis. PTEN, phosphatase and tensin homolog; PI3K/AKT/mTOR, phosphatidylinositol-3-kinases-
/akt/mammalian target of rapamycin; RAS/RAF/MAPK, RAS/rapidly accelerated fibrosarcoma/mitogen 
activated protein kinases; JAK/STAT, Janus family of tyrosine kinase; LYN, Lck/Yes novel tyrosine kinase; 
CASPASE3, cysteine-aspartic acid proteases-3; PARP, Poly (ADP) ribose polymerase-1; BRCA1, Breast cancer 
1; SSB, single-strand DNA break; DSB, double-strand DNA break 
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4.10 Technical variations in cell experiments  
 

An important factor that affects the results of the experiments is technical variations. 

Technical variations can be cell confluency, use of various batches of inhibitors and the 

passage numbers of cells. All these factors can play an essential role in the results obtained 

from the experiments. To make sure that approximately the same number of cells was seeded 

in all wells, a multi-channel pipet was used.  In this project, all the wells in the 96-well plate 

were utilized, except for the caspase assay where the edges were not used. However, when the 

results were analysed, values that differed from the general average of all the parallels were 

excluded. The experiments were conducted in healthy, viable cells in sub-confluent state. 

Also, cells were always split in sub-confluent state to exclude the possible effects of cells in 

post-confluent state.  

In all the dose-response experiments of the AVX-inhibitors, an increase in metabolic activity 

of cells treated in low concentrations was observed. These effects were mostly seen in cells 

treated with inhibitors in SF-RPMI. Also, the same observations were made by a former 

master student, Madina Akan (MSc thesis, NTNU, June 2016). However, since the resazurin 

assay mainly measures the metabolic activity of cells (74), an increase in signal is not 

synonymous with increased viability. Another possible explanation for these effects can be 

due to the location of the treated cells. Cells treated with the lowest concentration of inhibitors 

was cultured on the edges and therefore, the observed effects of these inhibitors may be 

caused by edge effects. Also, the results of AVX002 and ATK differed between the dose-

response experiments and in the combination treatment with selective PI3K inhibitors. As 

described in subchapter 4.3, these compounds are rapidly oxidized. Even though the vials 

were kept in -80 °C and taken out quickly before applying them to the cells, it is a possibility 

that the reduced response of these inhibitors in the first experiments were due to oxidation. 

Also, different batches of inhibitors were used between different experiments which may have 

affected the results.  

After gaining some experience and knowledge about the inhibitors, the vials were kept on ice 

during the whole experiment to reduce further oxidation. These changes can support the 

increased effect of AVX002 and ATK in the combination experiments as demonstrated in 

figure 11-C. 
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4.11 Future research 
	

The experiments conducted in this master’s project were done in the MDA-MB-468 cells, 

where the cPLA2α expression level are unknown (reports not found). To evaluate the 

possibility of using selective cPLA2α inhibitors as a targeted treatment against BLBC/TNBC, 

the same experiments should also be performed in other BLBC/TNBC cell lines with higher 

and lower expression of the cPLA2α-enzyme. This may reveal whether expression levels of 

the cPLA2α enzyme in various cell lines affects their proliferation rates.  

Due to time restraints, the cell cycle experiment was repeated only once with 6 technical 

repeats and with no biological replicates. Therefore, these results were preliminary and should 

be repeated with more biological replicas.  

Even though cPLA2α inhibition was found to reduce the viability of the MDA-MB-468 cells, 

both alone and combined with other agents/ compounds/therapies, it should be kept in mind 

that most of the experiments were performed in serum free growth media. When using serum 

free growth media, the cells are starved from serum, which contains several essential growth 

factors that cells need to accomplish important tasks such as proliferation. Therefore, starving 

the cells may affect the progression of the cell cycle and arrest cells in a specific cell cycle 

phase. Also, starved cells may express other features when it comes to the expression of 

essential proteins and enzymes. All these elements may play a substantial role in cell 

experiments and therefore limit the physiological relevance of our results. Therefore, to be 

able to evaluate the physiological relevance of using cPLA2α inhibitors as a therapeutic 

target, additional cancer cell lines, primary cells and more animal studies should be utilized in 

future studies.  

Furthermore, future studies should also include other combination treatments with selective 

cPLA2α inhibitors that targets BLBC/TNBC via different pathways, such as chemotherapies 

or other targeted therapies suggested for BLBC/TNBC.   

Lastly, dactolisib/BEZ235 is excluded from other preclinical studies due to serious unwanted 

side effects. Hence, a combination treatment of dactolisib/BEZ235 and a selective cPLA2α  

inhibitor may not be a clinically relevant combination for treating BLCB/TNBC.  
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5 Conclusion	
  
This thesis addresses the effects of cPLA2α inhibition alone and combined with selective 

PI3K inhibitors in the MDA-MB-468 cells, which is an in vitro model for BLBC/TNBC. 

Several aspects of cPLA2α and PI3K inhibition were investigated separately and combined 

together, such as viability, apoptosis and cell cycle phase distribution.  

Selective cPLA2α and PI3K inhibitors were found to have anti-proliferative effects in the 

MDA-MB-468 cells in a dose-dependent manner. The results from the dose-response 

experiments were variable and are correlated with variable potency of the inhibitors. 

However, the observed lower response of AVX235 and AVX420 in contrast to AV002 in the 

viability assay may be caused by increased enzymatic reduction of these compounds. 

Combination treatment of selective cPLA2α with buparlisib/BKM120 revealed additive 

effects with improved anti-proliferative effects compared to mono-treatment in the same 

concentrations. The selective PI3Kα inhibitor alpelisib/BYL719 did not show any additive 

effects, while mTOR/PI3K inhibitor dactolisib/BEZ235 induced a two-fold additive effect 

only in combination with AVX002. The lack of additive effects upon combining these 

inhibitors with selective cPLA2α inhibitors are believed to be caused by the fact that a 

concentration much lower that the IC50 values were used. Optimizing the doses of these 

combo-treatments in the future are believed to give the same additive effects as 

buparlisib/BKM120. Selective cPLA2α inhibitors are believed to cause apoptosis in low 

concentration and possibly also cell cycle arrest at G1 phase in the MDA-MB-468 cells, but 

the underlying mechanism of these effects are yet to be explored. Further studies are 

necessary to confirm these findings.  

Taken together, the use of selective cPLA2α inhibitors in mono-therapy could offer a novel 

targeted therapy for BLBC/TNBC which otherwise have low survival prognosis. Furthermore, 

combining selective cPLA2α inhibitors with selective PI3K inhibitors could potentially 

balance the side effect profile of each inhibitor and reduce resistance problems. Further 

studies need to be conducted to reject or accept these observations. 
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APPENDIX	
	

A. All biological replicas (n=3) for the representative experiment in figure 8: 
Table A.1 The data represent the mean ±SD of etoposide where control was set up to 100 % viability. * 
indicates results significantly different from the control (p<0.05) 

Treatment	 72	hours	

SF-RPMI	

72	hours	

RPMI/10	%	FBS	

120	µM	etoposide	 32.4*	 27.5*	

±SD	 2.6	 2.65	

80	µM	etoposide	 32.6*	 25.1*	

±SD	 2.4	 2.4	

40	µM	etoposide	 34.9*	 28.0*	

±SD	 3.0	 2.0	

10	µM	Etoposide	 51.4*	 43.8*	

±SD	 3.1	 7.7	

	

Table A.2 The data represent the mean ±SD of methotrexate where control was set up to 100 % viability. * 
indicates results significantly different from the control (p<0.05) 

Treatment	 72	hours	

SF-RPMI	

72	hours	

RPMI/10	%	FBS	

100	µM	Methotrexate	 39.7*	 41.4*	

±SD	 3.6	 4.5	

80	µM	Methotrexate	 42.3*	 41.8*	

±SD	 3.2	 3.97	

40	µM	Methotrexate	 40.6*	 40.8*	

±SD	 4.3	 3.1	

10	µM	Methotrexate	 43.5*	 41.7*	

±SD	 5.3	 3.6	
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Table A.3 The data represent the mean ±SD of doxorubicin where control was set up to 100 % viability. * 
indicates results significantly different from the control (p<0.05) 

Treatment	 72	hours	

SF-RPMI	

72	hours	

RPMI/10	%	FBS	

10	µM	Doxorubicin	 21.8*	 30.5*	

±SD	 2.1	 3.7	

5	µM	Doxorubicin	 32.1*	 41.7*	

±SD	 2.9	 3.5	

1	µM	Doxorubicin	 43.8*	 54.7*	

±SD	 4.8	 4.4	

0.5	µM	Doxorubicin	 57.9*	 61.1*	

±SD	 6.0	 4.7	

	

 

Table A.4 The data represent the mean ±SD of EGF where control was set up to 100 % viability. * indicates 
results significantly different from the control (p<0.05) 

Treatment	 72	hours	

SF-RPMI	

72	hours	

RPMI/10	%	FBS	

200	ng/mL	EGF	 38.0*	 79.5*	

±SD	 5.4	 9.6	

100	ng/mL	EGF	 39.4*	 78.7*	

±SD	 4.5	 9.2	

50	ng/mL	EGF	 60.4*	 76.6*	

±SD	 10.0	 11.2	

10	ng/mL	EGF	 76.4*	 84.6*	

±SD	 9.9	 10.6	
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Table A.5 The data represent the mean ±SD of DMSO where control was set up to 100 % viability.  

	

Treatment	 hours	

SF-RPMI	

DMSO	 100.3	

±SD	 2.9	

	

	

B. All biological replicas (n=3) for the representative experiment in figure 9: 
	

Table B.1 The data represent the mean ±SD of AVX235 where control was set up to 100 % viability. * indicates 
results significantly different from the control (p<0.05) 

Treatment	 72	hours	

SF-RPMI	

72	hours	

RPMI/10	%	FBS		

100	µM	AVX235	 19.0*	 48.5*	

±SD	 4.7	 3.6	

50	µM	AVX235	 42.2*	 68.6*	

±SD	 3.2	 9.1	

25	µM	AVX235	 54.7*	 97.2	

±SD	 8.5	 5.3	

5	µM	AVX235	 97.3	 102.0	

±SD	 13.7	 4.4	

1	uM	AVX235	 119.9	 105.4	

±SD	 13.7	 5.5	
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Table B.2 The data represent the mean ±SD of AVX420 where control was set up to 100 % viability. * indicates 
results significantly different from the control (p<0.05) 

Treatment	 72	hours	

SF-RPMI	

72	hours	

RPMI/10	%	FBS		

100	µM	AVX420	 9.6*	 32.2*	

±SD	 0.43	 3.3	

50	µM	AVX420	 9.9*	 87.6*	

±SD	 0.35	 7.8	

25	µM	AVX420	 48.7*	 94.7*	

±SD	 6.6	 7.8	

5	µM	AVX420	 88.3*	 96.7	

±SD	 12.8	 8.0	

1	µM	AVX420	 111.2	 96.5	

±SD	 7.5	 6.7	

	

Table B.3 The data represent the mean ±SD of AVX002 where control was set up to 100 % viability. * indicates 
results significantly different from the control (p<0.05) 

Treatment	 72	hours		

SF-RPMI	

72	hours	

RPMI/10	%	FBS	

100	µM	AVX002	 11.3*	 14.9*	

±SD	 0.4	 0.6	

50	µM	AVX002	 10.7*	 14.9*	

±SD	 0.48	 0.62	

25	µM	AVX002	 11.7*	 16.3*	

±SD	 1.6	 6.9	

5	µM	AVX002	 124.8	 92.1*	

±SD	 8.3	 8.9	

1	µM	AVX002	 119.4	 112.3	

±SD	 9.5	 6.6	
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Table B.4 The data represent the mean ±SD of ATK where control was set up to 100 % viability. * indicates 
results significantly different from the control (p<0.05), which was set to 100 % viability  

Treatment	 72	hours	

SF-RPMI	

72	hours	

RPMI/10	%	FBS	

50	µM	ATK	 9.1*	 7.87*	

±SD	 2.32	 0.39	

25	µM	ATK	 62.2*	 73.86*	

±SD	 8.6	 6.8	

5	µM	ATK	 96.1	 98.2	

±SD	 7.5	 4.8	

1	µM	ATK	 100.8	 99.3	

±SD	 7.0	 5.6	

	

C. All biological replicas (n=3) for the representative experiment in figure 10: 
	

Table C.1 The data represent the mean ±SD of dactolisib/BEZ235 where control was set up to 100 % viability. 
* indicates results significantly different from the control (p<0.05) 

Treatment	 72	hours	

SF-RPMI	

72	hours	

RPMI/10	%	FBS	

	

Dactolisib/BEZ235	100	
µM	

11.6*	 10.36*	

±SD	 0.84	 1.33	

Dactolisib/BEZ235	50	
µM	

11.34*	 15.5*	

±SD	 1.0	 3.4	

Dactolisib/BEZ235	25	
µM	

23.5*	 30.1*	

±SD	 2.5	 9.0	

Dactolisib/BEZ235	5	µM	 61.0*	 79.1*	

±SD	 5.8	 8.4	

Dactolisib/BEZ235	1	µM	 94.7*	 107.8	

±SD	 7.5	 7.4	
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Table C.2 The data represent the mean ±SD of alpelisib/BYL719 where control was set up to 100 % viability. * 
indicates results significantly different from the control (p<0.05) 

Treatment	 72	hours		

SF-RPMI	

72	hours	

RPMI/10	%	FBS		

Alpelisib/BYL719		100	µM	 31.5*	 25.8*	

±SD	 6.0	 2.5	

Alpelisib	/BYL719		50	µM	 34.5*	 38.0*	

±SD	 2.7	 6.1	

Alpelisib	/BYL719		10	µM	 73.8*	 80.3*	

±SD	 6.9	 8.9	

Alpelisib	/BYL719		1	µM	 97.7	 97.4	

±SD	 7.0	 9.2	

	

Table C.3 The data represent the mean ±SD of buparlisib/BKM120 where control was set up to 100 % viability. 
* indicates results significantly different from the control (p<0.05) 

Treatment	 72	hours	

SF-RPMI	

72	hours	

RPMI/10	%	FBS	

20	µM	Buparlisib/BKM120		 34.9*	 28.6*	

±SD	 3.4	 2.3	

10	µM	Buparlisib/BKM120	 40.7*	 38.6*	

±SD	 7.5	 6.0	

5	µM	Buparlisib/BKM120	 45.3*	 42.8*	

±SD	 12.3	 3.0	

1	µM	Buparlisib/BKM120	 84.36*	 93.7*	

±SD	 5.6	 9.9	
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D. All biological replicas (n=3) for the representative experiment in figure 11: 
	

Table D.1  The data represent the mean ±SD of dactolisib/BEZ235 combined with selective cPLA2α inhibitors 
where control was set up to 100 % viability. * indicates results significantly different from the control (p<0.05) 

 

Treatment hours 

SF-RPMI 

Dactolisib/BEZ235 (5µM) 88.7* 

±SD 4.9 

AVX235 (7.5µM) 96.6 

±SD 4.9 

AVX420 (7.5µM) 98.4 

±SD 6.2 

AVX002 (7.5µM) 102.2 

±SD 4.7 

AVX235 (5µM) + Dactolisib/BEZ235 
(5µM) 

78.7* 

±SD 3.4 

AVX420 (5µM)+ Dactolisib/BEZ235 (5µM) 77.8* 

±SD 6.8 

AVX002 (5µM) + Dactolisib/BEZ235 
(5µM) 

45.1*  

±SD) 7.4 
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Table D.2  The data represent the mean ±SD of alpelisib/BYL719 combined with selective cPLA2α inhibitors 
where control was set up to 100 % viability. * indicates results significantly different from the control (p<0.05) 

Treatment hours 

SF-RPMI 

Alpelisib/BYL719 (5µM) 80.45* 

±SD 5.3 

AVX235 (5µM) 100.7 

±SD 6.9 

AVX420 (5µM) 99.6 

±SD 4.6 

AVX002 (5µM) 87.3* 

±SD 5.2 

AVX235 (5µM) +  

Alpelisib/BYL719 (5µM) 

82.6* 

±SD 7.11 

AVX420 (5µM)+ Alpelisib/BYL719 (5µM) 87.8* 

±SD 8.4 

AVX002 (5µM) + Alpelisib/BYL719 (5µM) 79.4* 

±SD 6.9 

Doxorubicin (5µM) 22.3* 

±SD 1.9 
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Table D.3 The data represent the mean ±SD of buparlisib/BKM120 combined with selective cPLA2α inhibitors 
where control was set up to 100 % viability. * indicates results significantly different from the control (p<0.05) 

Treatment 24 hours,   

SF-RPMI 

±SD 

Buparlisib/BKM120  (2 µM) 69.8* 3.3 

DMSO 93.2* 5.0 

AVX235 (20 µM) 97.9 4.5 

AVX235 (10 µM) 99.6 6.0 

AVX420 (20 µM) 96.2 2.6 

AVX420 (10 µM) 95.5 4.3 

AVX002 (5 µM) 44.8* 3.2 

ATK (7.5 µM) 32.6* 4.3 

ATK (5 µM) 68.6* 3.9 

AVX235 (20 µM)+ Buparlisib/BKM120  (2 µM) 46.6* 5.0 

AVX235 (10 µM)+ Buparlisib/BKM120  (2 µM) 54.9* 1.8 

AVX420 (20 µM)+ Buparlisib/BKM120  (2 µM) 65.8* 4.3 

AVX420 (10 µM)+ Buparlisib/BKM120  (2 µM) 79.5* 6.7 

AVX002 (5 µM)+ Buparlisib/BKM120  (2 µM) 26.2* 1.7 

ATK ( 5 µM)+ Buparlisib/BKM120  (2 µM) 32.8* 2.5 

Doxorubicin (1 µM) 80.2* 3.9 
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E. All biological replicas (n=3) for the representative experiment in figure 12: 
Table E.1  The data represent the mean relative light units (RLU) of the MDA-MB468 cells treated with 
different inhibitors and ±SD of caspase assay. * indicate results significantly different from the control (p<0.05), 

 

Treatment	 hours	

SF-RPMI	

AVX235	(20	µM)	 94.68*	

±SD	 35.5	

AVX235	(20	µM)	+	buparlisib/BKM120	(5	µM)	 227.5*	

±SD	 23.8	

AVX420	(20	µM)	 98.66*	

±SD	 20.67	

AVX420	(20	µM)	+	buparlisib/BKM120	(5	µM)	 213.69*	

±SD	 12.99	

Buparlisib/BKM	(5	µM)	 176.29*	

±SD	 12.45	

AVX002	(5	µM)	 106.0*	

±SD	 9.8	

AVX002	(5	µM)	+	buparlisib/BKM120	(5	µM)	 232.37*	

±SD	 24.87	

Doxorubicin	(1	µM)	 78.3*	

±SD	 18.46	

	


